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Mr. Stephen Hoffman

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW
Washington, DC 20460

Dear Mr. Hoffman,

In accordance with our proposal 01.P0000177.11 dated March 28, 2011, and
U.S. Environmental Protection Agency (EPA) Contract No. EP10W001313, Order
No. EP-B115-00049, GZA GeoEnvironmental, Inc. (GZA) has completed our inspection of
the Pennsylvania Power and Light (PPL) Brunner Island Power Station Ash Basin No. 6,
Incidental Waste Treatment Basin (IWTB), and the Equalization Pond, located in York Haven,
Pennsylvania. The Site visit was conducted on May 18, 2011. The purpose of our efforts was
to provide the EPA with a site specific inspection of the impoundments to assist EPA in
assessing the structural stability of the impoundments under the authority of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
Section 104(e). We are submitting one hard copy and one CD-ROM copy of this Final Report
directly to the EPA.

The IWTB and Equalization Pond do not meet the criteria set forth by the U.S. EPA with
regard to coal ash impoundments. These structures were inspected during the site visit and
checklists included in Appendix C, however no further study or discussion of the IWTB and
Equalization Pond is necessary.

Based on our visual inspection, follow-on supporting engineering analyses provided by PPL,
and in accordance with the EPA criteria, the Ash Basin No. 6 is judged to be in FAIR
condition, in our opinion. Further discussion of our evaluation and recommended actions are
presented in the Task 3 Dam Assessment Report. The report includes: (a) a completed Coal
Combustion Dam Inspection Checklist Form for each Basin; (b) a field sketch; and
(c) selected photographs with captions. Our services and report are subject to the Limitations
found in Appendix A and the Terms and Conditions of our contract agreement.

We are happy to have been able to assist you with this inspection and appreciate the
opportunity to continue to provide you with dam engineering consulting services. Please
contact the undersigned if you have any questions or comments regarding the content of this
Task 3 Dam Assessment Report.

Sincerely,

GZA GeoEnvironmental, Inc.
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C. Brad Nourse ames P. Guarente, P.E. (PA)
Project Engineer Senior Project Manager
brad.nourse@gza.com james.guarente(@gza.com

(SO

Peter H. Baril, P.E. (MA)
Project Director
peter.baril@gza.com
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PREFACE

The assessment of the general condition of the dam reported herein was based upon available
data and visual inspections. Detailed investigations and analyses involving topographic
mapping, subsurface investigations, testing and detailed computational evaluations were
beyond the scope of this report.

In reviewing this report, it should be realized that the reported condition of the dam was based
on observations of field conditions at the time of inspection, along with data available to the
inspection team. In cases where an impoundment is lowered or drained prior to inspection,
such action, while improving the stability and safety of the dam, removes the normal load on
the structure and may obscure certain conditions, which might otherwise be detectable if
inspected under the normal operating environment of the structure.

It is critical to note that the condition of the dam depends on numerous and constantly
changing internal and external conditions, and is evolutionary in nature. It would be incorrect
to assume that the reported condition of the dam will continue to represent the condition of the
dam at some point in the future. Only through continued care and inspection can there be any
chance that unsafe conditions be detected.
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EXECUTIVE SUMMARY

This Inspection Report presents the results of a visual inspection of the PPL Generation, LLC.
(PPL) — Brunner Island Power Station Coal Combustion Waste (CCW) Impoundments located at
Wago Road, York Haven, Pennsylvania. These inspections were performed on May 18, 2011 by
representatives of GZA GeoEnvironmental, Inc (GZA), accompanied by representatives of PPL,
the Pennsylvania Department of Environmental Protection (PADEP) Dam Safety and Waste
Management.

Brunner Island Power Station is a three unit coal fired power plant with a maximum generating
capacity of approximately 1,490 Megawatts. Unit 1 began operation in 1961 and units 2 and 3
became operational in 1965 and 1969, respectively. At the time of the inspection there were three
active impoundments at the site. Two of the impoundments, the Incidental Waste Treatment Basin
(IWTB) and the Equalization Basin, do not meet the criteria set forth by the U.S. EPA for coal ash
impoundments. The IWTB, designed in 1972, impounds and treats surface water runoff from the
raw coal storage pile north of the power station. The Equalization Basin, designed in 1992,
impounds surface water runoff and incidental station waste flows from station processes.
Small amounts of CCWs may be present in the waste flows entering the Equalization Basin, in
particular from the dry storage silo was area, although quantities are considered minimal. Waste
water is pumped from the Equalization Basin to the Ash Basin No. 6. Both the IWTB and
Equalization Basin were inspected during the site visit and checklists have been included in
Appendix C, however no further study or discussion herein in this report for the IWTB and
Equalization Basin is necessary.

Ash Basin No. 6 was designed in 1979 for the purpose of storing CCWs pumped into the basin as
water slurry. The basin is filled via ash lines at the northeast and northwest corners. Ash is
allowed to settle from the slurry for storage and beneficial reuse. Water is treated for pH entering
the Polishing Pond, prior to discharging in the Susquehanna River. The Polishing Pond is
considered part of the Ash Basin No. 6, however for further detail a separate checklist was
performed during the site visit which is attached in Appendix C. Station waste waters are also
pumped to the Ash Basin No. 6 from the Equalization Basin, entering the basin at the northeast
corner.

Ash Basin No. 6 in its current configuration has a maximum embankment height of approximately
30 feet to natural ground and an original storage volume of approximately 2,600 acre-feet at the top
of embankment. Therefore in accordance with USACE criteria the Ash Basin No. 6 is classified
as an Intermediate sized structure. According to guidelines established by the U.S. Army Corps of
Engineers dams with a storage volume between 1,000 and 50,000 acre-feet and/or a height between
40 and 100 feet are classified as Intermediate sized structures. It is noted that the State of
Pennsylvania uses the same classification guidelines as the USACE. Under the PADEP guidelines
the dam is classified as a Class B structure (Intermediate).

In GZA’s opinion, Ash Basin No. 6 is a Significant Hazard Structure as classified under the
Environmental Protection Agency (EPA) hazard rating criteria. The hazard potential rating is
based on GZA’s opinion that failure of the embankment is not likely to result in loss of human life,
and there is limited habitation adjacent to the basin. However a sudden uncontrolled release could
cause environmental damage and economic loss to the adjacent Susquehanna River and adjacent
rural land area.

Brunner Island Power Station FINAL REPORT Date of Inspection: 5/18/11
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GZA'’s visual inspection indicated the overall condition of Ash Basin No. 6 to generally be in FAIR
condition. However, based on EPA’s inspection criteria, the impoundment was initially assigned a
POOR Condition Rating in GZA’s Draft Report, because complete hydraulic and hydrologic
analyses/computations and geotechnical computations (rapid drawdown analysis) were not
provided/available for GZA’s review. Thus, the ability of the structure to safely pass the design
storm and the stability of the embankment(s) could not be independently verified. Since issuance
of the Draft Report, PPL has provided hydraulic, hydrologic and geotechnical
analyses/computations in satisfaction of EPA’s inspection criteria. These analyses were reviewed
by GZA and support our opinion that a condition rating of FAIR is justified at this time. The
following deficiencies were noted at the CCW impoundment, Ash Basin No. 6:

1. Overgrown vegetation, up to 36 inches high, at outside embankment slopes and portions of
inside embankment slopes. Overgrown vegetation may obscure potential detrimental
embankment conditions.

2. Ruts and depressions observed at portions of the embankment toe from vehicles.

3. Saturated portions of embankment and standing water observed at the toe of dam at various
locations around the Polishing Pond and east embankment. Conditions possibly due to
heavy rainfall over the prior week. According to PPL personnel waters of the Susquehanna
River had recently receded from the areas surrounding the toe of the embankment, which
may also have contributed to the standing water and saturated conditions.

4. Sloughing observed at inside slope of the Polishing Pond, especially near the water line at
the east side. Sloughs and scarps observed generally less than 3 feet deep.

5. Erosion from surface water runoff observed at the inside face of the Polishing Pond near
the north end.

6. Approximately 40 foot long section of spongy/soft soil observed the east embankment near
the south side from the toe to approximately 1/3 the height of the embankment. Note this
condition was also reported on previous inspection reports by HDR Engineering, Inc.

7. Minor depressions and erosion observed at the crest.

8. 10 to 15 foot wide slough/scarp at the east embankment approximately 75 feet south of the
access stairway on the outside face.

9. Large stock pile of top soil adjacent to the west embankment slope just north of the electric
wire stanchion, possibly surcharging the embankment.

Studies and Analyses:
1. Investigate cause of spongy/soft ground observed at the east embankment.
Operations and Maintenance Activities:
1. Maintain grass cover on the downstream slope and approximately 15 feet beyond the toe
areca. USACE recommends vegetation be kept less than 12 inches in height on
embankments. This may required mowing more frequently than bi-annually.

2. Fill ruts, depressions, and animal burrows and reseed if necessary.

3. Monitor and repair sloughing at the inside slope at the Polishing Pond and outside slope at
the east embankment, or other locations sloughing is observed.

4. Exercise stoplogs and slide gates at least once annually.

Brunner Island Power Station FINAL REPORT Date of Inspection: 5/18/11
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5. Monitor spongy/soft ground observed at the east embankment.
Minor Repairs:

1. Repair sloughs and scarps on the embankment and provide future erosion protection as
necessary.

Remedial Measures:

1. In conjunction with the results of the updated hydrologic and hydraulic analyses, make
provisions for an emergency overflow spillway.

It should be noted that during the over the 12 months time since the filing our Draft Report and
receipt of comments from the EPA thereon, it is GZA’s understanding that PPL is still in the
process of taking steps to permanently close the Basin. According to the comments received on
our Draft Report, GZA understands that PPL will be submitting closure plan permit applications to
PADEP very shortly and will commence dewatering once they have the necessary PADEP
approval. In the interim, GZA’s opinion is that it would be prudent for PPL to at least implement
the above recommended Operations and Maintenance and Minor Repair Recommendations.
We acknowledge that implementation of some of the above studies and analyses and remedial
measures recommendations may not be critical given the current permanent closure plans.
However in keeping with good engineering practice and as recommended in HDR’s October 30
2012 memorandum, it would be expected that deficiencies regarding the embankments (if any)
would be appropriately addressed in the closure plan if the dikes are to remain unbreached in the
permanently closed condition.

Brunner Island Power Station FINAL REPORT Date of Inspection: 5/18/11
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1.0 DESCRIPTION OF PROJECT

1.1 General

1.1.1 Authority

The United States Environmental Protection Agency (EPA) has retained
GZA GeoEnvironmental, Inc. (GZA) to perform visual inspections and develop a report of
conditions for the PPL Generation, LLC. (PPL, Owner) Brunner Island Power Station, Coal
Combustion Waste (CCW) impoundments in York Haven, Pennsylvania. These inspections
were authorized by the EPA under the authority of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) Section 104(e). These inspections
and report were performed in accordance with Task 3 of RFQ-DC-16 Round 10 for EPA’s
Office of Resource Conservation and Recovery in support for the Assessment of Dam Safety
of Coal Combustion Surface Impoundments, dated March 16, 2011. The inspection generally
conformed to the requirements of the Federal Guidelines for Dam Safety®, and this report is
subject to the limitations contained in Appendix A and the Terms and Conditions of our
Contract Agreement.

1.1.2  Purpose of Work

The purpose of this investigation was to visually inspect and evaluate the present
condition of the dam, dikes and appurtenant structures to attempt to identify conditions that
may adversely affect their structural stability and functionality, to note the extent of any
deterioration that may be observed, review the status of maintenance and needed repairs, and
to evaluate the conformity with current design and construction standards of care.

The investigation was divided into four parts: 1) obtain and review available reports,
investigations, and data from the Owner pertaining to the dam and appurtenant structures;
2) perform an on site review with the Owner of available design, inspection, and maintenance
data and procedures for the management unit(s); 3) perform a visual inspection of the site; and
4) prepare and submit a draft and a final report presenting the evaluation of the structure,
including recommendations and proposed remedial actions.

1.1.3 Definitions

To provide the reader with a better understanding of the report, definitions of
commonly used terms associated with dams are provided in Appendix B. Many of these
terms may be included in this report. The terms are presented under common categories
associated with dams which include: 1) orientation; 2) dam components; 3) size classification;
4) hazard classification; 5) general; and 6) condition rating.

L FEMA/ICODS, April 2004: http://www.ferc.gov/industries/hydropower/safety/guidelines/fema-93.pdf

FINAL REPORT
PPL — Brunner Island Power Station 1 Date of Inspection: 5/18/2011
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1.2 Description of Project

1.2.1 Location

Brunner Island Power Station is located approximately 15 miles southeast of
Harrisburg, Pennsylvania. The power station is accessible from the North via Route 382 off
Interstate Highway 1-83. Ash Basin No. 6 and associated Polishing Pond are located
approximately 1.5 miles south of the power station. The Incidental Waste Treatment Basin
(IWTB) and Equalization Basin are located adjacent to the power station to the northeast and
southeast, respectively. Brunner Island Power Station is approximately located at latitude 40°
05’ 46” N and longitude 76° 41° 46” West. A site locus of the impoundments and surrounding
area is shown in Figure 1. An aerial photograph of the impoundments and surrounding area is
provided in Figure 2. The impoundments can be access by vehicles via, asphalt paved and
gravel paved roads from Wago Road.

1.2.2 Owner/Caretaker

The basins and power station are owned and operated by the PPL Generation, LLC.

Dam Owner/Caretaker
Name PPL Generation, LLC?
Mailing Address Two North Ninth Street
City, State, Zip Allentown, PA 18101-1179
Contact Craig S. Shamory
Title Environmental Supervisor
E-Mail csshamory@pplweb.com
Daytime Phone (610)774-5653
Emergency Phone 911

1.2.3 Purpose of the Basins

Brunner Island Power Station is a three unit coal fired power plant with a maximum
generating capacity of approximately 1,490 Megawatts. Unit 1 began operation in 1961 and
units 2 and 3 became operational in 1965 and 1969, respectively. At the time of the inspection
there were three active impoundments at the site. Two of the impoundments, the Incidental
Waste Treatment Basin (IWTB) and the Equalization Basin, do not meet the criteria set forth
by the U.S. EPA for coal ash impoundments. The IWTB, designed in 1972, impounds and
treats surface water runoff from the raw coal storage pile north of the power station.
The Equalization Basin, designed in 1992, impounds surface water runoff and incidental
station waste flows from station processes. Small amounts of CCWs may be present in the
waste flows entering the Equalization Basin, in particular from the dry storage silo wash area,
although quantities are considered minimal. Waste water is then pumped from the
Equalization Basin to the Ash Basin No. 6. Both the IWTB and Equalization Basin were
inspected during the site visit and checklists have been included in Appendix C, however no

2 PPL Generation, LLC is PPL Corporation Company.

FINAL REPORT
PPL — Brunner Island Power Station 2 Date of Inspection: 5/18/2011
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further study or discussion herein in this report for the IWTB and Equalization Basin is
necessary.

Ash Basin No. 6 was designed in 1979 for the purpose of storing CCWs pumped into
the basin as water slurry. The basin is filled via ash lines at the northeast and northwest
corners. Ash is allowed to settle from the slurry for storage and beneficial reuse. Water is
treated for pH entering the Polishing Pond, prior to discharging into the Susquehanna River.
The Polishing Pond is considered part of the Ash Basin No. 6, however for further detail a
separate inspection checklist was performed during the site visit which is attached in
Appendix C. Station waste waters are also pumped to the Ash Basin No. 6 from the
Equalization Basin, entering the basin at the northeast corner.

According PPL personnel all bottom ash, which formerly went to Ash Basin No. 6,
now goes to a “concrete bottom ash sluice trough/pond” tank constructed, approximately 2 to
3 years prior to this inspection, for the purpose of removing and collecting bottom ash for
beneficial reuse. Ash Basin No. 6 at the time of this inspection still received water from the
Equalization Basin and residual treatment water from the bottom ash sluice trough/pond.
At the time of this inspection PPL was in the process of constructing a waste water treatment
facility, which when completed will treat the residual water currently sent to Ash Basin No. 6
from the Equalization Basin and bottom ash sluice trough/pond. Upon completion of the
treatment plant discharge into Ash Basin No. 6 will be ceased and closure of Ash Basin No. 6
will begin. PPL personnel estimate closure of the basin may begin in approximately 1 to
1.5 years from the date of this inspection.

1.2.4 Description of Ash Basin No. 6 Embankments and Appurtenances

The following description of the Ash Basin No. 6 and associated Polishing Pond is
based conversations with PPL personnel, design drawings, previous inspection reports, and
field observations by GZA.

Ash Basin No. 6 was designed by Pennsylvania Power and Light Company of
Allentown Pennsylvania in 1979. The Basin is formed of an approximately 8,300 foot long
perimeter embankment creating a 70-acre impoundment. Originally the basin had a storage
capacity of approximately 2,600 acre-ft and a height from the top of embankment
(EL. 290 feet) to natural ground of approximately 30 feet (outside slope) and a depth of
approximately 39 feet from the top of embankment to the bottom of the basin (inside slope).
The Embankments are constructed of native sandy silt and silty clay® with a 10-foot thick clay
liner at the inside face from elevation 287.5 feet to bedrock. Based on our interpretation of the
record information provided by PPL, it does not appear as though Ash Basin No. 6 was
constructed over wet ash, slag, or other unsuitable materials. At the time of the inspection it is
estimated, due to infilling, the pool area was about 11 acres.

Ash lines enter the basin from the northeast and northwest corners. The ash-line at the
northeastern corner of the basin formerly carried CCWSs from Unit 3 however now only carries
water pumped from the equalization basin from surface water runoff and incidental plant
waste flows. The effluent can carry fly ash from the dry storage silo wash area, however any
amounts are typically minimal. Ash lines entering the northwest corner formerly carried
CCWs from Units 1 & 2. CCWs from those units are now processed separately. According to

® From “Slope Stability Assessment Brunner Island Ash Basin No. 6” by HDR Engineering, Inc. 2009.

FINAL REPORT
PPL — Brunner Island Power Station 3 Date of Inspection: 5/18/2011
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PPL personnel approximately 2 to 3 years prior to the date of this inspection a concrete
“bottom ash sluice trough/pond” tank was constructed to settle and remove bottom ash, from
units 1 & 2. Residual water from this process may still be pumped to the northwest corner of
Ash Basin No. 6. At the time of this inspection PPL was in the process of constructing a
waste water treatment facility, which when completed will treat the residual water currently
sent to Ash Basin No. 6 and permit closure of the basin.

Two dikes split the Ash Basin No. 6 into three sub-basins. The “median dike” used to
control suspended solids when fly ash was being discharged had a crest width of 15 feet and
3H:1V north and south slopes. Originally twenty 12-inch uncontrolled pipes allowed water to
pass through the embankment into the central basin, however the dike has since been
breached, near the middle, to improve flow. At the time of the inspection the northern basin
was almost completely filled in, though waste water is still routed through this area.

A second dike, at the southern end of the impoundment, separates the central sub-
basin from the Polishing Pond. The dike was constructed similarly to the outer embankments
however both the north and south slopes have approximately 10-foot thick clay liners.
Discharge through the dike to the Polishing Pond is via a 10-foot wide stoplog weir drop inlet,
which joins a 48-inch concrete culvert and sluiceway. Water discharging from the central
sub-basin to the Polishing Pond may be treated (if necessary) by treatment facilities housed on
the dike.

Water exits the Polishing pond via two 60-inch diameter reinforced concrete drop
inlet pipes at the eastern side of the inside embankments which joins a 48-inch reinforced
concrete pipe (RCP) prior to discharging into the Susquehanna River. A headwall and 48-inch
flap valve resides at the downstream discharge to prevent rising river water from charging the
impoundment.

1.2.5 Operations and Maintenance

The embankment and its impoundment are operated and maintained by PPL
personnel. Operations of the basin are limited to operation of pumps discharging waste water
into the basin, operation of stoplogs (if necessary), and control of the pH water treatment
facility at the Polishing Pond. According to PPL personnel maintenance of the dam includes
bi-annually mowing slopes and repairs to erosion and sloughs.

Operation and maintenance of the Ash Basin No. 6 is regulated by the EPA under the
National Pollutant Discharge Elimination System (NPDES) Permit No. PA 0008281.
The basin is also regulated by the PADEP Office of Dam Safety and the PADEP Bureau of
Land Recycling and Waste Management. Quarterly visual inspections are performed for the
Office of Dam Safety at the Ash Basin No. 6 as well as more detailed annual inspections as
required by the impoundments General Permit.

Fly ash is collected and stored in silos and bottom ash slurry sent through a bottom
ash sluice trough/pond, adjacent to the power station. It is the intent of PPL that all ash be
collected and beneficially used. Formerly, when ash was being sluiced to the basin, bottom ash
was collected and sorted by a series of conveyors and screens and marketed. Most of the ash
sent to the basin was collected by dredging out of the channel at the ash marketing area.

FINAL REPORT
PPL — Brunner Island Power Station 4 Date of Inspection: 5/18/2011
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1.2.6 Size Classification

For the purposes of this EPA-mandated inspection, the size of the dam and its
impoundment will be based on United States Army Corps of Engineers (USACE) criteria.
Ash Basin No. 6 in its current configuration has a maximum embankment height of
approximately 30 feet to natural ground and an original storage volume of approximately
2,600 acre-feet at the top of embankment. Therefore in accordance with USACE criteria the
Ash Basin No. 6 is classified as an Intermediate sized structure. According to guidelines
established by the U.S. Army Corps of Engineers dams with a storage volume between
1,000 and 50,000 acre-feet and/or a height between 40 and 100 feet are classified as
Intermediate sized structures. It is noted that the State of Pennsylvania uses the same
classification guidelines as the USACE. Under the PADEP guidelines the dam is classified as
a Class B structure (Intermediate).

The maximum dam height of approximately 30 feet is based on the height of the dam
at the outside face from the crest to natural ground surface. Based upon original design
drawings, the top of dam has an elevation of approximately 290 feet, and low point along the
toe of the embankment is approximately 260 feet. This is consistent with the dam height
reported by PPL’s independent dam engineering consultant HDR Engineering, Inc. of Portland
Maine (HDR) in their 2009 inspection report. Note that the inside face has an approximate
height from the crest to bottom of basin of 39 feet.

1.2.7 Hazard Potential Classification

Under the EPA classification system, as presented on page 2 of the EPA check list
(Appendix C) and Definitions section (Appendix B), it is GZA’s opinion that the Ash Basin
No. 6 is a Significant Hazard potential structure. The hazard potential rating is based on
GZA'’s opinion that failure of the embankment is not likely to result in loss of human life, and
there is limited habitation adjacent to the basin. Additionally it is noted that the majority of
the 70 acre-sized impoundment has been filled with ash waste covered with soil, there is no
contributing watershed and only approximately 11 acres has standing water. Nevertheless,
given the height of the embankment, and the amount of water and ash stored therein, a sudden
uncontrolled release could cause economic loss and environmental damage to the adjacent
Susquehanna River or adjacent rural land. The area downstream of the dam is shown in
Figure 4.

The Ash Basin No. 6 has been classified as a Category 3 hazard potential structure
according to the PADEP Dam Safety Regulations. Failure of a Category 3 structure may lead
to “significant” property damage and “no” loss of life if the dam were to fail.

1.3 Pertinent Engineering Data

1.3.1 Drainage Area

Based on the design documents and as estimated by GZA, Ash Basin No. 6 does not
receive drainage from the surrounding areas. Water entering the basin is pumped from the
Equalization Basin (entering northeast corner) and residual waste water from the bottom ash
sluice trough/pond tank (entering the northwest corner). The only uncontrolled water that
enters the impoundments is from direct precipitation. The estimated drainage area is shown in
Figure 3A. Note as described in Section 1.2.4 CCWs are no longer sluiced into Ash Basin
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No. 6 as they formerly were due to the construction of dry fly ash handling silos and the sluice
trough/pond tank for bottom ash handling.

According to PPL personnel within approximately 1 to 1.5 years from the time of this
inspection, the Ash Basin No. 6 will be closed and capped. Topsoil is being stockpiled at the
impoundment currently.

1.3.2 Impoundment

The Ash Basin No. 6 has a surface area of approximately 70 acres and an original
storage volume of 2,600 acre-feet at the top of embankment, elevation 290 feet. The basin is
formed of an approximately 8,300 foot perimeter dike with an approximate height to natural
ground of 30 feet and a depth from the top of embankment to the bottom of the basin of
approximately 39 feet. Two intermediate dikes divide the basin into three sub-basins.
The northern sub-basin was almost entirely silted in with ash at the time of this inspection and
the center basin, was partially full. The southern basin, or polishing pond, is used for final
clarification and pH treatment of water prior to being discharged into the Susquehanna River.

1.3.3 Discharges at the Dam Site

Plant waste water from the Equalization Basin and residual waste water from the
bottom ash sluice trough/pond enter the impoundment at the northeast and northwest corners,
respectively.  Water flows south through the filled in north sub-basin through an
approximately 12 to 20 foot wide channel* prior to entering the central sub-basin. The central
sub-basin drains into the polishing pond and water treatment facility through a 10-foot wide
stoplog weir drop inlet, which joins a 48-inch concrete culvert and sluiceway. Water exits the
Ash Basin No. 6 Polishing Pond via two 60-inch diameter reinforced concrete drop inlet pipes
at the eastern side of the inside embankments which joins a 48-inch reinforced concrete pipe
(RCP) prior to discharging into the Susquehanna River. A headwall and 48-inch flap valve
resides at the downstream discharge to prevent rising river water from charging the
impoundment.

Formerly when CCWs were being discharged into the impoundment, discharges had
been as high as 15 million gallons per day (MGD). Flows at the time of inspection were
significantly smaller.

1.3.4 General Elevations (feet)

Elevations are from design drawings, reports and data provided by PPL.

A Top of Dam (Minimum) 290 + feet
B. Spillway Design Flood Pool (Design) Unknown
C. Low Point along Toe of Dam + 260 feet
D. Downstream Tail Water at Time of Inspection  + 252 feet

* Channel width estimated by Google Earth.
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Central Sub-Basin:

A Normal Pool 287 feet
B. Spillway Crest 286.25 feet®
C. Pool at Time of Inspection + 286.5 feet

Polishing Pond:

A. Normal Pool (Polishing Pond) 268 feet
B. Spillway Crest 268 feet
C. Pool at Time of Inspection + 268 feet

1.3.5 Spillway Data

Central Sub-Basin:

A. Type Concrete stoplog weir
B. Weir Length 10 feet

48-inch RCP & Sluiceway
C. Weir Crest/Control Elevation 287 feet

Polishing Pond:

A. Type RCP Drop Inlets

B Diameter 60-inches (Two) Joining a;
48-inch RCP Outlet

C. Weir Crest/Control Elevation 268 feet

1.3.6 Design and Construction Records and History

The Ash Basin No. 6 was designed by Pennsylvania Power and Light Company
approximately 1979. Subsurface explorations were performed at the site in February and
March of 1975 and January and February of 1977. Bedrock was encountered between
approximate elevations 242 and 252 feet and according to a report for Pennsylvania Power
and Light Company bedrock conditions consisted of the following:

Triassic Age New Orford formation which consists of light colored sandstone,
conglomeratic sandstone, red to purplish red sandstone, shale and mudstone... The rock is
highly fractured as a result of its vertical joint pattern which is very closely spaced,
moderately developed and open.®

Embankments were constructed of native sandy silt and silty clay identified during the
subsurface explorations and excavated as part of the basin construction. An approximately
10 foot thick relatively impermeable clay liner was also constructed at the inside face from
elevation 287.5 feet to bedrock.

® One level of stoplogs removed in 2009, lowering the weir crest approximately 9 inches.
® Report on Investigation of Foundation Conditions for Ash Storage Basins 6 and 7 Brunner Island
S.E.S., Prepared by Borings, Soils & Testing Company, Harrisburg, PA for Pennsylvania Power and
Light Company.
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According to PPL personnel approximately 2 to 3 years prior to the date of this
inspection a concrete bottom ash sluice trough/pond tank was constructed for the purpose of
removing and collecting bottom ash CCWs prior to reaching the Ash Basin No. 6. Dry fly ash
precipitators and silos also remove fly ash CCWs for beneficial reuse. Residual water from
the bottom ash and fly ash treatment facilities at the time of this inspection was pumped to
Ash Basin No. 6. A waste water treatment facility was under construction at the time of this
inspection adjacent to the sluice trough/pond tank, which will treat residual water from the
CCW collection facilities, eliminating discharges into the Ash Basin No. 6. Upon completion
of the residual waste water treatment facility, PPL intends to terminate all discharges into and
close Ash Basin No. 6. PPL estimates closure of the basin may begin in 1 to 1.5 years from
the date of this inspection. Final cover soil was observed stockpiled at the north sub-basin
(filled in) and is reportedly from farmland previously owned by PPL which is currently being
developed into a golf course. Approximately 1 foot of clay (or synthetic liner), drainage
layer, and two feet of soil are proposed to create an impermeable cap for the basin.

In 2009, stability analyses were performed by HDR. As part of the investigation four
open standpipe piezometers were installed (B09-1 to B09-4). Refer to Section 2.6 below for
additional discussion of the results of this study.

1.3.7 Operating Records

No operating records were available for GZA to review at the time of this inspection.

1.3.8 Previous Inspection Reports

Quarterly visual inspections are performed for the Office of Dam Safety at the Ash
Basin No. 6 as well as more detailed annual inspections as required by the impoundments
General Permit. The two most recent annual inspections of the dam, by HDR were conducted
on November 4, 2009 and December 17, 2010. A summary of recommendations from the
2009 report are as follows:

e Continue regular maintenance of the slopes including mowing, repairing sloughs, and
plan vegetation cutting beyond the toe.

o Eradicate burrowing animals and fill burrows whenever they are encountered in the
embankment or within 50 feet of the toe.

e Address historic slope sloughing and wet areas on the embankments as well as address
the recommendations for slope stability by HDR.

e PPL staff should monitor discharge levels to verify no constrictions occur upstream of
the discharge points into the Ash Basin No. 6.

o Investigate the effect of the broken corrugated metal pipe and joint in the
sedimentation basin at the northwest corner of the basin on seepage observed at the
toe.

e Investigate the 2 to 3 foot high diversion dike on the interior of the basin at the
northeast corner and the possibility of it retaining ash and water. Installation of a
monitoring and/or warning system is recommended.

PPL continues to mow embankments bi-annually. Actions to remediate slope stability
deficiencies have not yet been undertaken, however at the time of the inspection PPL was
further investigating slope stability concerns and seepage recommendations.
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2.0 INSPECTION

2.1 Visual Inspection

Ash Basin No. 6 was inspected on May 18, 2011 by Brad Nourse and James P. Guarente, P.E.
of GZA GeoEnvironmental, Inc. At the time of the inspection the weather was cloudy with
occasional rain and temperatures in the 60°s Fahrenheit. Photographs to document the current
conditions of the embankments were taken during the inspection and are included in
Appendix D. At the time of the inspection the water level in Ash Basin No. 6 was
approximately 286.5 feet, based on stop log settings. Underwater areas were not inspected, as
this level of investigation was beyond that of GZA’s scope of services. Copies of the EPA
checklists are included in Appendix C. For additional detail a separate inspection checklist
for the Polishing Pond has been provided.

With Respect to our visual inspection there was no evidence of prior releases or failures
observed by GZA.

2.1.1  Ash Basin No. 6 General Findings

In GZA’s Draft Report the Ash Basin No. 6 was found to be in POOR
condition primarily due to inadequate factors of safety for the rapid drawdown condition,
which exists for downstream embankment slopes that are in close proximity to the
Susquehanna River as reported by HDR during their 2009 stability analysis, and the lack of
sufficient hydrologic and hydraulic analyses confirming that there was adequate available
storage in the Basin and Polishing Pond under PADEP Dam Safety Regulations for this Class
B-3 structure. Since issuance of the Draft Report however, PPL has provided hydraulic,
hydrologic and geotechnical analyses/computations in satisfaction of EPA’s inspection
criteria. These analyses were reviewed by GZA and support our opinion that a condition
rating of FAIR is justified at this time. An overall site plan showing the Ash Basin No. 6 and
associated Polishing Pond is provided as Figure 5A. The location and orientation of
photographs provided in Appendix D is shown on the Photo Location Plan in Figure 6A and
6B. The specific concerns are identified in more detail in the sections below.

The IWTB and the Equalization Basin, do not meet the criteria set forth by the U.S.
EPA for coal ash impoundments as described in Section 1.2.3. Both the IWTB and
Equalization Basin were inspected during the site visit and checklists have been included in
Appendix C, however no further discussion is provided below. Photographs, site sketches,
and figure have been included for the IWTB and Equalization Basin for reference.

2.1.2 East Embankment

The East embankment generally appeared to be in fair condition. Grass and
vegetation was overgrown at the outside slope and was approximately 12 to 36 inches in
height (Photos 6 & 12). Standing water was observed at the toe, however heavy rains from the
week prior to the inspection and recently high river levels from the Susquehanna may have
contributed to the conditions at the toe (Photo 13). An approximately 40 foot wide
spongy/soft area of ground was noted at the southern portion near the Polishing Pond to
approximately 1/3 up the embankment, no movement was noted. A scarp was observed at the
downstream toe approximately 75 feet south of the stairs from the crest (Photo 14).
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The crest of the west embankment consisted of a crushed stone travel way.
Minor depressions and ruts were noted a various locations along the crest (Photo7).

A corrugated metal pipe was observed approximately 100 feet south of the access
stairs on the outside east embankment slope (Photo 15). This appears to be a remnant
discharge structure for a sedimentation basin used during the construction of the Ash Basin
No. 6. Reportedly another exists at the West Embankment, however this was not observed by
GZA during this inspection.

2.1.3  West Embankment

The West embankment generally appeared to be in fair condition.
Overgrown vegetation approximately 12 to 36 inches in height was observed at the outside
slope.

The crest of the west embankment consisted of a crushed stone travelway.
Minor depressions and ruts were noted a various locations along the crest.

Stockpiles of top soil, for use during basin closure, were observed within the filled
portion of the basin adjacent to the embankment. Material stockpiled close to an embankment
may surcharge the embankment and put undue stress on it.

2.1.4 North Embankment (Photos 16, 17, & 19)

The north embankment separates Ash Basin No. 5 (closed) and Ash Basin No. 6.
Most of the embankment crest is paved except at its east and west ends where the
embankment crest is crushed stone. Both sides of the embankment are filled.
Discharge pipes enter the basin at the northeast and northwest corners of the basin.

2.1.5 South Embankment (Polishing Pond)

Generally the Polishing Pond appeared to be in fair condition at the time of our
inspection. Vegetation was observed to be overgrown to approximately 12 to 36 inches in
height at both the inside and outside slopes, possibly obscuring deficiencies. Standing water
and tire tracks/ruts were observed at the toe of slope near the southern most side and close to
the new gate vault (Photos 31 & 32). According to PPL personnel, heavy rains and recently
receded river levels may have contributed to abnormally wet conditions at the toe. A concrete
patch was observed at the eastern side of the outside embankment (Photo 30), possibly a
repaired seep or slough. PPL personnel on-site did not know the purpose of the concrete
patch.

Several minor sloughs and scarps were observed near the waterline at the east side
near the two 60-inch drop inlets and minor erosion at the downstream face of the southern
separation dike (Photo 27). These sloughs appeared to be shallow (less than three feet deep).
Stone and riprap was observed at the western side of the inside slope (Photo 26).

The crest generally appeared to be in satisfactory condition. Some depressions and
tire tracks were noted from regular maintenance traffic.
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2.1.6 Discharge Pipes and Decant Outflow Structures

Discharge pipes enter northeast and northwest corners of the Ash Basin No. 6. Waste
water flow from the northeast discharge pipe is due to plant waste water flow pumped from
the Equalization Basin and was flowing at the time of inspection (Photo 17). Water flows
south in a discharge channel approximately 12 to 20 feet in width, through the filled in north
sub-basin and joins with flow from the northwest corner prior to flowing into the central
sub-basin. Discharge from the northwest corner is from residual waste water from the
concrete bottom ash sluice trough/pond. At the time of the inspection discharge water
appeared to contain CCWs (Photo 19). These pipes will be taken off line when the Ash Basin
No. 6 is closed in 1 to 1.5 years according to PPL personnel.

Water from the central basin flows into the Polishing Pond and water treatment
system via a 10 foot wide decant stoplog weir and 48-inch pipe and sluiceway. At the time of
the inspection the water was at approximate elevation 286.5 feet in the central basin.
The structure appeared to be in satisfactory condition at the time of this inspection.
Winches, cable, and skimmer gates appeared to be in satisfactory condition (Photo 4).

The outlet structure from the Polishing Pond consists of two 60-inch drop inlets
feeding into a 48 inch RCP (Photos 24 & 25). The 48-inch pipe leads to a new gate vault just
downstream of the toe of slope and upstream of the discharge point to the Susquehanna River
(Photos 28 & 32). The Vault was designed by Kleinschmidt in 2007. Water then discharges
through a headway and 48-inch flap gate to an approximately 10 foot wide discharge channel
to the Susquehanna River (Photos 33 & 34). The drop inlets and gate vault appeared to be in
satisfactory condition at the time of the inspection. Some surface erosion was observed at the
discharge headwall.

2.2 Caretaker Interview

GZA met with Craig Shamory of PPL during the site visit on May 18, 2011 and discussed the
operations and maintenance procedures, regulatory requirements, and the history of the
impoundments since their construction. The observations, descriptions and findings presented
herein this report reference our discussions with Mr. Shamory.

Mr. Shamory indicated during the on-site inspection that neither the Ash Basin No. 6, or
IWTB and Equalization Basin, had failed since their construction.

2.3 Operation and Maintenance Procedures

As discussed in Section 1.2.5, PPL personnel are responsible for the regular operations and
maintenance of the basin.

2.4 Emergency Warning System

No emergency action plan has been prepared for the Ash Basin No. 6.
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2.5 Hydrologic/Hydraulic Data

Initially, no hydrologic or hydraulic data was available for review by GZA at the time of this
inspection. In the more than 12 months time since the filing our Draft Report and receipt of
comments from the EPA thereon, PPL engaged HDR of Portland, ME to perform a Spillway
Design Flood Analysis to verify that the Ash Basin can safely pass the Spillway Design Flood
in accordance with PADEP regulations. Results of the study are presented in HDR’s
September 7, 2012 Engineering Report which has been attached as part of Appendix E.
The report concluded that the main basin and polishing pond have sufficient discharge
capacity to safely pass the SDF. The magnitude of the SDF for their analysis was the ¥2 PMF,
pursuant to PADEP guidelines. HDR’s analysis employed hydrologic storage routing
methods, which incorporated conservative assumptions dealing with high tailwater
conditions. In GZA’s opinion the results appear to be conservative. These methods and
computations included allowances for wind set up and wave run-up during the height of the
design storm. While the results indicate a minimum freeboard ranging from 0.1 to 0.6 feet,
this appears sufficient in GZA’s opinion given the conservative nature of the analysis and the
likely very high tailwater conditions occurring in the Susquehanna River. GZA did not
perform an independent assessment of the hydraulics and hydrology for the basins as this was
beyond the scope of our services.

2.6 Structural and Seepage Stability

2.6.1 Structural Stability

Field investigations and slope stability analysis were performed by HDR. A complete
summary of parameters, loading conditions, and results are presented in their report entitled
“Slope Stability Assessment Brunner Island Ash Basin No. 6” report by HDR dated
December 2009 which is attached as part of Appendix E. The evaluation included four
borings drilled at the east embankment; two at the crest and two at the downstream slope near
the toe. HDR performed their stability analysis using the software UTEXAS4 and verified
using SLOPE/W.

HDR’s analysis indicated that for the normal and surcharge loading condition, the
stability of the embankment was slightly below recommended values. HDR however
considered this condition as satisfactory as per their interpretation of COE Manual EM
1110-2-1902 which states: ““Acceptable values of factors of safety for existing dams may be
less than those for design of new dams, considering the benefits of being able to observe the
actual performance of the embankment over a period of time.” GZA concurs with HDR’s
evaluation and is of the opinion that the reported factors of safety for the normal and surcharge loading
conditions are reasonable given the adequate performance of the dam over time.

However factors of safety for the rapid drawdown condition were calculated by HDR
to be less than the required minimum of 1.1 for the downstream embankment due to flooding
from the Susquehanna River at the downstream slope during the 100 and 500-year floods.
HDR therefore recommended (and GZA concurred in our August 31, 2011 Draft Report) that
additional analyses could be performed to assess transient seepage conditions which may
determine that a breach of the downstream embankment as a result of rapid drawdown would
not occur. Otherwise they stated that remediation of the embankment would be warranted.
GZA did not perform an independent assessment of the structural stability of the basins as this
was beyond our scope of services.
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In the almost 12 months time since the filing our Draft Report and receipt of
comments from the EPA thereon, PPL engaged Schnabel Engineering of West Chester, PA to
perform a transient study, including soil sampling and lab analysis to more thoroughly
examine the Basin’s dikes behavior under rapid drawdown conditions. Results of the study
are presented in Schnabel’s February 17, 2012 Geotechnical Engineering Report which has
been attached as part of Appendix E. The report concluded that the dikes have an adequate
factor of safety with respect to the rapid drawdown condition. Table 1 below presents a
summary of the stability analyses performed, the actual value from each analysis conducted,
and the minimum required Factor of Safety.

Table 1 — Stability Analyses Summary

SUMMARY OF STABILITY ANALYSIS BY HDR (December 2009)

Calculated Factor of Required Minimum
Safety Against Deep a Notes
: Factor of Safety
Failure
Normal 141 1.5 2
Surcharge 1.31 1.4 2
10-yr Flood 114 11 1
100-yr Flood 1 11 1
500-yr Flood 1 11 1
Earthquake 1.2 1.2
SUMMARY OF RAPID DRAWDOWN ANALYSIS BY SCHNABEL (February 2012)

Rapid Drawdown 1.13 1.1
(500-yr Flood)

Notes:
1. Factors of Safety reported by HDR for the rapid drawdown conditions are superseded by the more
sophisticated transient analyses performed by Schnabel Engineering.
2. Reported Factors of safety are below recommended values. However HDR considers these values
as satisfactory for this structure based on their interpretation of COE Manual 1110-2-1902.

2.6.2  Seepage Stability

Seepage is controlled by a 10 foot thick clay liner at the inside face of the
embankment from elevation 287.5 feet to bedrock. The Seepage analyses data presented in
the hard copy of the Schnabel report provided for GZA review did not include calculated
factors of safety with respect to seepage exit gradients as they relate to potential piping
through the embankment. Piping is evaluated based on the calculated exit gradient compared
to the critical gradient which is defined as the gradient level at which soil transport is assumed
to begin. Taking the critical gradient as 1.0, as is typically done for sands, the safety factor
against potential piping failure for existing site conditions is computed as:

I:-S-piping = ler / exit
In general practice, the US Army Corps of Engineers document Seepage Analysis and

Control for Dams — EM 1110-2-1901 dated 30 September 1986 refers to typically accepted
recommended factor of safety against seepage failure are 4 to 5 (Harr, 1962, 1977) or 2.5 to
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3.0 (Cedergren, 1977). Since seepage analysis is sometimes included as a preliminary step in
building the transient model for the rapid drawdown analysis described in Section 2.6.1 above,
GZA recommended that the Schnabel report be amended to include results of the seepage
analyses and that factors of safety therefrom be compared with accepted minimums.

Schnabel’s analysis however did not originally include an assessment of seepage
gradients. Therefore in October 2012 PPL engaged HDR to evaluate the seepage and seepage
gradients within the embankment. HDR’s evaluation is presented in their October 30, 2012
memorandum which is also included in Appendix E. GZA reviewed HDR’s memorandum
and is of the opinion that the analysis, conclusions and recommendations therein coupled with
the visual monitoring program that is in place at the facility constitutes a reasonable approach
with respect addressing seepage behavior, particularly since PPL is in the process of
permanently closing the basin.

GZA did not perform an independent assessment of the seepage stability of the basins
as this was beyond our scope of services.

3.0 ASSESSMENTS AND RECOMMENDATIONS
3.1 Assessments

GZA'’s visual inspection indicated the overall condition of Ash Basin No. 6 to generally be in
FAIR condition. However, based on EPA’s inspection criteria, the impoundment was initially
assigned a POOR Condition Rating in GZA’s Draft Report, because complete hydraulic and
hydrologic analyses/computations and geotechnical computations (rapid drawdown analysis)
were not provided/available for GZA’s review. Thus, the ability of the structure to safely pass
the design storm and the stability of the embankment(s) could not be independently verified.
Since issuance of the Draft Report, PPL has provided hydraulic, hydrologic and geotechnical
analyses/computations in satisfaction of EPA’s inspection criteria. These analyses were
reviewed by GZA and support our opinion that a condition rating of EAIR is justified at this
time. Additional deficiencies are noted as follows:

1. Overgrown vegetation, up to 36 inches high, at outside embankment slopes and
portions of inside embankment slopes. Overgrown vegetation may obscure potential
detrimental embankment conditions.

Ruts and depressions observed at portions of the embankment toe from vehicles.

3. Saturated portions of embankment and standing water observed at the toe of dam at
various locations around the polishing pond and east embankment. Conditions
possibly due to heavy rainfall over the prior week. According to PPL personnel
waters of the Susquehanna River had recently receded from the areas surrounding the
toe of the embankment, which may also have contributed to the standing water and
saturated conditions.

4. Sloughing observed at inside slope of the Polishing Pond, especially near the water
line at the east side. Sloughs and scarps observed generally less than 3 feet deep.

5. Erosion from surface water runoff observed at the inside face of the Polishing Pond
near the north end.

6. Approximately 40 foot long section of spongy/soft soil observed at the east
embankment near the south side from the toe to approximately 1/3 the height of the

n
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embankment. Note this condition was also reported on previous inspection reports by

HDR.

Minor depressions and erosion observed at the crest.

8. 10 to 15 foot wide slough/scarp at the east embankment approximately 75 feet south
of the access stairway.

9. Large stock pile of top soil adjacent to the west embankment slope just north of the
electric wire stanchion, possibly surcharging the embankment.

~

The following recommendations and remedial measures generally describe the recommended
approach to address current deficiencies. Prior to undertaking recommended maintenance,
repairs, or remedial measures, the applicability of environmental permits needs to be
determined for activities that may occur within resource areas under the jurisdiction of the
appropriate regulatory agencies.

3.2 Studies and Analyses

GZA recommends the following studies and analyses:
1. Investigate cause of spongy/soft ground observed at the east embankment.

3.3 Recurrent Operation & Maintenance Recommendations

GZA recommends the following operation and maintenance level activities:
1. Maintain grass cover on the downstream slope and approximately 15 feet beyond the
toe area. USACE recommends vegetation be kept less than 12 inches in height on
embankments. This may require mowing more frequently than bi-annually.

2. Fill ruts, depressions, and animal burrows and reseed if necessary.

3. Monitor and repair sloughing at the inside slope at the Polishing Pond and outside
slope at the east embankment, or other locations sloughing is observed.

4. Exercise stoplogs and slide gates at least once annually.
5. Monitor spongy/soft ground observed at the east embankment.

3.4 Minor Repair Recommendations

GZA recommends the following minor repairs which may improve the overall condition of the
basins, but do not alter their current design. The recommendations may require design by a
professional engineer and construction contractor experienced in dam construction.

1. Repair sloughs and scarps on the embankment and provide future erosion protection
as necessary.

3.5 Remedial Measures Recommendations

1. In conjunction with the results of the updated hydrologic and hydraulic analyses,
make provisions for an emergency overflow spillway.
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It should be noted that during the over the 12 months time since the filing our Draft Report
and receipt of comments from the EPA thereon, it is GZA’s understanding that PPL is still in
the process of taking steps to permanently close the Basin. According to the comments
received on our Draft Report, GZA understands that PPL will be submitting closure plan
permit applications to PADEP very shortly and will commence dewatering once they have the
necessary PADEP approval. In the interim, GZA’s opinion is that it would be prudent for PPL
to at least implement the above recommended Operations and Maintenance and Minor Repair
Recommendations. We acknowledge that implementation of some of the above studies and
analyses and remedial measures recommendations may not be critical given the current
permanent closure plans. However in keeping with good engineering practice and as
recommended in HDR’s October 30 2012 memorandum, it would be expected that
deficiencies regarding the embankments (if any) would be appropriately addressed in the
closure plan if the dikes are to remain unbreached in the permanently closed condition.

3.6 Alternatives
There are no alternatives currently recommended.
4.0 ENGINEER’S CERTIFICATION

I acknowledge that the management units referenced herein, Ash Basin No. 6 has been
assessed to be in FAIR condition.

QQ.QR-/UM

James P. Guarente, P.E.
Senior Project Manager
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DAM ENGINEERING & VISUAL INSPECTION LIMITATIONS

The observations described in this report were made under the conditions stated herein. The conclusions
presented in the report were based solely on the services described therein, and not on scientific tasks or
procedures beyond the scope of described services.

In preparing this report, GZA GeoEnvironmental, Inc. (GZA) has relied on certain information provided
by PPL Generation, LLC., and Federal, state, and local officials and other parties referenced therein. GZA
has also relied on other parties which were available to GZA at the time of the inspection. Although there
may have been some degree of overlap in the information provided by these various sources, GZA did not
attempt to independently verify the accuracy or completeness of all information reviewed or received
during the course of this work.

In reviewing this Report, it should be realized that the reported condition of the dam is based on
observations of field conditions during the course of this study along with data made available to GZA.
The observations of conditions at the dam reflect only the situation present at the specific moment in time
the observations were made, under the specific conditions present. It may be necessary to reevaluate the
recommendations of this report when subsequent phases of evaluation or repair and improvement provide
more data.

It is important to note that the condition of a dam depends on humerous and constantly changing internal
and external conditions, and is evolutionary in nature. It would be incorrect to assume that the present
condition of the dam will continue to represent the condition of the dam at some point in the future.
Only through continued care and inspection can there be any chance that unsafe conditions may be
detected.

Water level readings have been reviewed and interpretations have been made in the text of this report.
Fluctuations in the level of the groundwater and surface water may occur due to variations in rainfall,
temperature, and other factors different than at the time measurements were made.

GZA’s comments on the hydrology, hydraulics, and embankment stability for the dam are based on a
limited review of available design documentation provided by PPL Generation, LLC.

This report has been prepared for the exclusive use of the US EPA for specific application to the existing
dam facilities, in accordance with generally accepted dam engineering practices. No other warranty,
express or implied, is made.

This dam inspection report has been prepared for this project by GZA. This report is for the owner’s broad
evaluation and management purposes only and is not sufficient, in and of itself, to prepare construction
documents or an accurate bid.
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COMMON DAM SAFETY DEFINITIONS
For a comprehensive list of dam engineering terminology and definitions refer to references
published by the U.S. Army Corps of Engineers, the Federal Energy Regulatory Commission, the
Department of the Interior Bureau of Reclamation, or the Federal Emergency Management
Agency.
Orientation
Upstream — Shall mean the side of the dam that borders the impoundment.
Downstream — Shall mean the high side of the dam, the side opposite the upstream side.

Right — Shall mean the area to the right when looking in the downstream direction.

Left — Shall mean the area to the left when looking in the downstream direction.

Dam Components

Dam — Shall mean any artificial barrier, including appurtenant works, which impounds or diverts
water.

Embankment — Shall mean the fill material, usually earth or rock, placed with sloping sides, such
that it forms a permanent barrier that impounds water.

Crest — Shall mean the top of the dam, usually provides a road or path across the dam.

Abutment — Shall mean that part of a valley side against which a dam is constructed. An artificial
abutment is sometimes constructed as a concrete gravity section, to take the thrust of an arch dam
where there is no suitable natural abutment.

Appurtenant Works — Shall mean structures, either in dams or separate therefrom, including but
not be limited to, spillways; reservoirs and their rims; low-level outlet works; and water conduits
including tunnels, pipelines, or penstocks, either through the dams or their abutments.

Spillway — Shall mean a structure over or through which water flows are discharged. If the flow
is controlled by gates or boards, it is a controlled spillway; if the fixed elevation of the spillway
crest controls the level of the impoundment, it is an uncontrolled spillway.

General
EAP — Emergency Action Plan — Shall mean a predetermined (and properly documented) plan of

action to be taken to reduce the potential for property damage and/or loss of life in an area
affected by an impending dam failure.

O&M Manual — Operations and Maintenance Manual; Document identifying routine maintenance
and operational procedures under normal and storm conditions.

Normal Pool — Shall mean the elevation of the impoundment during normal operating conditions.
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Acre-foot — Shall mean a unit of volumetric measure that would cover one acre to a depth of one
foot. Itis equal to 43,560 cubic feet. One million U.S. gallons = 3.068 acre feet.

Height of Dam (Structural Height) — Shall mean the vertical distance from the lowest portion of
the natural ground, including any stream channel, along the downstream toe of the dam to the
lowest point on the crest of the dam.

Hydraulic Height — means the height to which water rises behind a dam and the difference
between the lowest point in the original streambed at the axis of the dam and the maximum
controllable water surface.

Maximum Water Storage Elevation — means the maximum elevation of water surface which can
be contained by the dam without overtopping the embankment section.

Spillway Design Flood (SDF) — Shall mean the flood used in the design of a dam and its
appurtenant works particularly for sizing the spillway and outlet works, and for determining
maximum temporary storage and height of dam requirements.

Maximum Storage Capacity — The volume of water contained in the impoundment at maximum
water storage elevation.

Normal Storage Capacity — The volume of water contained in the impoundment at normal water
storage elevation.

Condition Rating

SATISFACTORY - No existing potential management unit safety deficiencies are
recognized. Acceptable performance is expected under all applicable loading conditions (static,
hydrologic, seismic) in accordance with the applicable criteria. Minor maintenance items may be
required.

FAIR — Acceptable performance is expected under all required loading conditions (Static,
hydrologic, seismic) in accordance with the applicable safety regulatory criteria.
Minor deficiencies may exist that require remedial action and/or secondary studies or
investigations.

POOR — A management unit safety deficiency is recognized for any required loading condition
(static, hydrologic, seismic) in accordance with the applicable dam safety regulatory criteria.
Remedial action is necessary. POOR also applies when further critical studies or investigations
are needed to identify any potential dam safety deficiencies.

UNSATISFACTORY - Considered unsafe. A dam safety deficiency is recognized that requires
immediate or emergency remedial action for problem resolution. Reservoir restrictions may be
necessary.

Hazard Potential

(In the event the impoundment should fail, the following would occur):

LESS THAN LOW HAZARD POTENTIAL.: Failure or misoperation of the dam results in no
probable loss of human life or economic or environmental losses.
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LOW HAZARD POTENTIAL: Dams assigned the low hazard potential classifications are
those dams where failure or misoperation results in no probable loss of human life and low
economic and/or environmental losses. Losses are principally limited to the owner’s property.

SIGNIFICANT HAZARD POTENTIAL: Dams assigned the significant hazard potential
classification are those dams where failure or misoperation results in no probable loss of human
life but can cause economic loss, environmental damage, disruption of lifeline facilities, or can
impact other concerns. Significant hazard potential classification dams are often located in
predominantly rural or agricultural areas but could be located in areas with population and
significant infrastructure.

HIGH HAZARD POTENTIAL: Dams assigned the high hazard potential classification are
those where failure or misoperation will probably cause loss of human life.
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US Environmental @

Coal Combustion Dam Inspection Checklist Form Protection Agency )
Site Name: PPL Brunner Island Date: May 18, 2011
Unit Name: Ash Basin No. 6 Impoundment Operator's Name: PPL Brunner Island, LLC
Unit I.D.: Hazard Potential Classification: High Significant Loy

Inspector's Name: James P. Guarente, P.E. and C. Brad Nourse (GZA GeoEnvironmental, Inc.)

Check the appropriate box below. Provide comments when appropriate. If not applicable or not available, record "N/A". Any unusual conditions or
construction practices that should be noted in the comments section. For large diked embankments, separate checklists may be used for different
embankment areas. If separate forms are used, identify approximate area that the form applies to in comments.

Yes No Yes No

1. Frequency of Company's Dam Inspections? Daily 18. Sloughing or bulging on slopes?
2. Pool elevation (operator records)? 287.3" +/- | 19. Major erosion or slope deterioration?
3. Decant inlet elevation (operator records)? See note 20. Decant Pipes:
4. Open channel spillway elevation (operator records)? N/A Is water entering inlet, but not exiting outlet?
5. Lowest dam crest elevation (operator records)? N/A Is water exiting outlet, but not entering inlet?
6. If instrumentation is present, are readings / Is water exiting outlet flowing clear?

recorded (operator records)?

7. Is the embankment currently under construction? / 21. Seepage (specify location, if seepage carries fines,

and approximate seepage rate below):

8. Foundation preparation (remove vegetation,stumps, / Erom underdrain?

topsoil in area where embankment fill will be placed)?

- > —
9. Trees growing on embankment? (If so, indicate / At isolated points on embankment slopes?

largest diameter below)

10. Cracks or scarps on crest? At natural hillside in the embankment area?

11. Is there significant settlement along the crest? Over widespread areas?

12. Are decant trashracks clear and in place? v From downstream foundation area?

13. Depressions or sinkholes in tailings surface or

whirlpool in the pool area? "Boils" beneath stream or ponded water?

14. Clogged spillways, groin or diversion ditches? Around the outside of the decant pipe?

15. Are spillway or ditch linings deteriorated? 22. Surface movements in valley bottom or on hillside?

16. Are outlets of decant or underdrains blocked? 23. Water against downstream toe?

< <« S N
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17. Cracks or scarps on slopes? 24. Were Photos taken during the dam inspection?

Major adverse changes in these items could cause instability and should be reported for
further evaluation. Adverse conditions noted in these items should normally be described (extent, location,
volume, etc.) in the space below and on the back of this sheet.

Inspection Issue # Comments

1. Daly walk over by plant personnel; guarterly Inspection by civil engineer from operator's home
office. Yearly inspection with  report by independent outside consultant.

3. Invert of pipe leading to polishing pond Is at elevation 271.0. Skimmer gates and stoplogs at
intake  structure serve to maintain  pool level within  basin generally between el. 2865 to 287.5'" +/-.
6. Four embankment piezometers  generally read during annual Inspection; statt gage at Inlet and
electric water level transducers are read/monitored regularly.

9.Dense phragmites and related grass/shrubbery present on slope around entire inside of free standing
water limits. Presence prevented close inspection of these areas.

18. Occasional minor sloughing at various locations on downstream slopes of embankment. Site monitors
conditions and repairs/regrades when necessary.

21. Saturated conditions and shallow standing water observed along a portion ot the downstream toe.
May be a result of past month's heavy rainfall and high river  conditions. No flow/active seepage

observed. Al standing water Clear.

EPA FORM -XXXX
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3. Invert of pipe leading to polishing pond is at elevation 271.0'. Skimmer gates and stoplogs at
intake structure serve to maintain pool level within basin generally between el. 286.5 to 287.5' +/-.
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6. Four embankment piezometers generally read during annual inspection; staff gage at inlet and 
electric water level transducers are read/monitored regularly. 
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9.Dense phragmites and related grass/shrubbery present on slope around entire inside of free standing
water limits. Presence prevented close inspection of these areas.
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18. Occasional minor sloughing at various locations on downstream slopes of embankment. Site monitors
conditions and repairs/regrades when necessary.
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21. Saturated conditions and shallow standing water observed along a portion of the downstream toe.
May be a result of past month's heavy rainfall and high river conditions. No flow/active seepage
observed. All standing water clear.
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U. S. Environmental Protection Agency 2 i
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%“L PROTE”
Coal Combustion Waste (CCW)
Impoundment Inspection
Impoundment NPDES Permit# _ PA 0008281 INSPECTOR James P. Guarente, P.E.

Date May 18, 2011 C. Brad Nourse

Impoundment Name _ PPL Brunner Island - Ash Basin _No. 6 Impoundment
Impoundment Company _ PPL Brunner Island,  LLC
EPA Region _ Region Il
State Agency (Field Office) Addresss DEP South Central  Regional  Office

909 Elmerton Avenue, Harrisburg, PA 17710
Name of Impoundment _PPL Brunner Island - Ash Basin No. 6
(Report each impoundment on a separate form under the same Impoundment NPDES
Permit number)

New Update X

Yes No
Is impoundment currently under construction? X
Is water or ccw currently being pumped into
the impoundment? X

IMPOUNDMENT FUNCTION: Receives intlow trom bottom ash slurry treatment system and

residual waste water from the equalization pond.

Nearest Downstream Town : Name Saginaw, PA

Distance from the impoundment 1.0 miles measured in _straight  line on Google Earth.
Impoundment

Location: Longitude 76 Degrees 40  Minutes _ 58  Seconds
Latitude 40 Degrees 4  Minutes 59  Seconds
State __ PA County _ York

Does a state agency regulate this impoundment? YES X NO

If So Which State Agency? PADEP Oftice ot Dam Satety and PADEP Bureau of
Land Recycling and Waste Management

EPA Form XXXX-XXX, Jan 09
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Receives inflow from bottom ash slurry treatment system and
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HAZARD POTENTIAL (In the event the impoundment should fail, the
following would occur):

LESS THAN LOW HAZARD POTENTIAL.: Failure or misoperation of

the dam results in no probable loss of human life or economic or environmental

losses.

LOW HAZARD POTENTIAL: Dams assigned the low hazard potential

classification are those where failure or misoperation results in no probable loss of

human life and low economic and/or environmental losses. Losses are principally
limited to the owner’s property.

X SIGNIFICANT HAZARD POTENTIAL: Dams assigned the significant
hazard potential classification are those dams where failure or misoperation results
in no probable loss of human life but can cause economic loss, environmental
damage, disruption of lifeline facilities, or can impact other concerns. Significant
hazard potential classification dams are often located in predominantly rural or
agricultural areas but could be located in areas with population and significant
infrastructure.

HIGH HAZARD POTENTIAL: Dams assigned the high hazard
potential classification are those where failure or misoperation will probably cause
loss of human life,

DESCRIBE REASONING FOR HAZARD RATING CHOSEN:

According to the 2010 Annual Inspection Report by HDR Engineering,
Inc., the Ash Basin Damis classified as a Size B, Hazard
Classification 2 by the Pennsylvania Department of Environmental
Protection (PADEP) corresponding to a medium sized, significant
hazard potential dam. In our opinion, failure of the impoundment
is _not_likely to result in_loss of human life. Additionally,

it is noted that the majority of the 70 acre-sized impoundment
has been filled with _ash waste covered with  soil, there _is _no
contributing watershed and only approximately 11 acres has free
standing  water. Nevertheless given the height of the embankment,
and the amount of water and ash stored therein, a sudden uncontrolled
release could cause economic loss and environmental damage to the

i | , i | land

EPA Form XXXX-XXX, Jan 09 2
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According to the 2010 Annual Inspection Report by HDR Engineering,
Inc., the Ash Basin Dam is classified as a Size B, Hazard 
Classification 2 by the Pennsylvania Department of Environmental
Protection (PADEP) corresponding to a medium sized, significant
hazard potential dam. In our opinion, failure of the impoundment
is not likely to result in loss of human life. Additionally,
it is noted that the majority of the 70 acre-sized impoundment
has been filled with ash waste covered with soil, there is no 
contributing watershed and only approximately 11 acres has free
standing water. Nevertheless given the height of the embankment, 
and the amount of water and ash stored therein, a sudden uncontrolled 
release could cause economic loss and environmental damage to the
adjacent Susquehanna River or adjacent rural land area.
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CONFIGURATION:

original A - .
ground & o Height

CROSS-VALLEY

IMPOUNDMENT ——

Water or ccw

original ground

INCISED

m::ﬂmmmmmmm
ERRETIAY

il
N * original
ground

Cross-Valley

Side-Hill

Diked

Incised (form completion optional)

X Combination Incised/Diked Original  design drawings  specitied
. . inorgani fill from basin xcavation

Embankment Helght up o 39 feet Embankment Materlal be0 iieg to construti:t anbanir:(-:e}nta slopes.
Pool Area approximately 11 acres Liner Original design drawings  specified a 10-foot  thick

Current Freeboard approxmately 3 feet  Liner Permeability Essentially

Impermeable.

EPA Form XXXX-XXX, Jan 09
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TYPE OF OUTLET (Mark all that apply)

Open Channel Spillway =~ TRAPEZOIPAL TRIANGULAR
Trapezoidal Top Width Top Width
Triangular NN NI
Rectangular $oo v o
Irregular p—
Width
—_— depth ) RECTANGULAR IRREGULAR
___ bottom (or average) width Average Width
top width I Depth
- +“—>
Width
z X Outlet
w — 5
E 48" inside diameter
u- Material Inside | Diameter
o corrugated metal
welded steel
a X  concrete
plastic (hdpe, pvc, etc.) ¥
g other (specify)
=
.- Is water flowing through the outlet? YES _ X NO
ﬂ No Outlet
E Other Type of Outlet (specify)
Ll
The Impoundment was Designed By Original  (circa_ 1978) design by Pennsylvania
m Power and nght Company; modifications by Kleinschmidt Energy and Water Resource
: Consultants.

EPA Form XXXX-XXX, Jan 09
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Has there ever been a failure at this site? YES

If So When?

If So Please Describe :

NO

EPA Form XXXX-XXX, Jan 09
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Has there ever been significant seepages at this site? YES NO

If So When?

IF So Please Describe:
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US Environmental @

Coal Combustion Dam Inspection Checklist Form Protection Agency )
Site Name: PPL Brunner Island Date: May 18, 2011
Unit Name: Ash Basin No. 6 (Polishing Pond) Operator's Name: PPL Brunner Island, LLC
Unit [.D.: Hazard Potential Classification: High Significant Loy

Inspector's Name: James P. Guarente, P.E. and C. Brad Nourse (GZA GeoEnvironmental, Inc.)

Check the appropriate box below. Provide comments when appropriate. If not applicable or not available, record "N/A". Any unusual conditions or
construction practices that should be noted in the comments section. For large diked embankments, separate checklists may be used for different
embankment areas. If separate forms are used, identify approximate area that the form applies to in comments.

Yes No Yes No
1. Frequency of Company's Dam Inspections? Daily 18. Sloughing or bulging on slopes?
2. Pool elevation (operator records)? 268' 19. Major erosion or slope deterioration?
3. Decant inlet elevation (operator records)? See note 20. Decant Pipes:
4. Open channel spillway elevation (operator records)? N/A Is water entering inlet, but not exiting outlet?
5. Lowest dam crest elevation (operator records)? N/A Is water exiting outlet, but not entering inlet?
6. If instrumentation is present, are readings

recorded (operator records)? Is water exiting outlet flowing clear?

21. Seepage (specify location, if seepage carries fines,

7. Is the embankment currently under construction? . .
and approximate seepage rate below):

NN

8. Foundation preparation (remove vegetation,stumps, / Erom underdrain?

topsoil in area where embankment fill will be placed)?

9. Trees growing on embankment? (If so, indicate

i i ?
largest diameter below) At isolated points on embankment slopes”

10. Cracks or scarps on crest? At natural hillside in the embankment area?

11. Is there significant settlement along the crest? Over widespread areas?

12. Are decant trashracks clear and in place? v From downstream foundation area?

13. Depressions or sinkholes in tailings surface or

whirlpool in the pool area? "Boils" beneath stream or ponded water?

14. Clogged spillways, groin or diversion ditches? Around the outside of the decant pipe?

15. Are spillway or ditch linings deteriorated? 22. Surface movements in valley bottom or on hillside?

16. Are outlets of decant or underdrains blocked? 23. Water against downstream toe?
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17. Cracks or scarps on slopes? 24. Were Photos taken during the dam inspection?

Major adverse changes in these items could cause instability and should be reported for
further evaluation. Adverse conditions noted in these items should normally be described (extent, location,

volume, etc.) in the space below and on the back of this sheet.

Inspection Issue # Comments
1.Dally walk over by plant personnel; quarterly Inspection by cvil engineer from operator's home oftice.
Yearly inspection with  report by independent outside consultant.

3. Invert of 48-inch diameter outlet pipe leading to Susquehanna River outfall is at elevation 253",
Outlet  structure consists of two 60-inch diameter reinforced riser pipes with skimmer gates which serve
to maintain  pool Tlevel generally at elevation 268.0".

9. Moderate to dense grass growth present on slopes around entire inside of pond. Presence prevented
close inspection of these areas.

18. Occasional minor sloughing at various locations on downstream slopes of embankment. Site monitors
conditions and repairs/regrades when necessary.

21. Saturated  conditions and shallow standing water observed along a majority of the downstream toe.
May be a result of past month's heavy rainfall and high river  conditions. No flow/active seepage

observed. All standing water clear.

EPA FORM -XXXX
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Yearly inspection with report by independent outside consultant.
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3. Invert of 48-inch diameter outlet pipe leading to Susquehanna River outfall is at elevation 253'. 
Outlet structure consists of two 60-inch diameter reinforced riser pipes with skimmer gates which serve 
to maintain pool level generally at elevation 268.0'. 
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9. Moderate to dense grass growth present on slopes around entire inside of pond. Presence prevented
close inspection of these areas.
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18. Occasional minor sloughing at various locations on downstream slopes of embankment. Site monitors 
conditions and repairs/regrades when necessary. 
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21. Saturated conditions and shallow standing water observed along a majority of the downstream toe.
May be a result of past month's heavy rainfall and high river conditions. No flow/active seepage 
observed. All standing water clear.
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Coal Combustion Waste (CCW)
Impoundment Inspection
Impoundment NPDES Permit # _PA 0008281 INSPECTOR__C. Brad Nourse
Date May 18, 2011 James P. Guarente, P.E.

Impoundment Name PPL Brunner Island  (Ash Basin No. 6) Polishing  Pond
Impoundment Company _ PPL Brunner Island  LLC
EPA Region _ Region il
State Agency (Field Office) Addresss DEP South Central  Regional  Otfice

909 Elmerton Ave.,Harrisburg,PA 17710
Name of Impoundment PPL Brunner island _ (Ash Basin _No. 6) Polishing _ Pond
(Report each impoundment on a separate form under the same Impoundment NPDES
Permit number)

New Update X

Yes No
Is impoundment currently under construction? X
Is water or ccw currently being pumped into
the impoundment? X

(water enters  polishing pond via gravity  tlow
from Ash Basin No. 6 intake structure outlet  pipe)

IMPOUNDMENT FUNCTION: Receives decant Inflow from Ash Basin No. 6
Impoundment.

Nearest Downstream Town : Name Sagmnaw, Pa
Distance from the impoundment 1.0 miles measured in_a straight  lne on Google Earth.

Impoundment

Location: Longitude /6 Degrees 40 Minutes 43 Seconds
Latitude 40 Degrees 4 Minutes 36  Seconds
State __PA County __York

Does a state agency regulate this impoundment? YES X NO

If So Which State Agency? PADEP Office  of Dam Satety and PADEP Bureau
of Land Recycling and Waste Management
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HAZARD POTENTIAL (In the event the impoundment should fail, the
following would occur):

LESS THAN LOW HAZARD POTENTIAL.: Failure or misoperation of

the dam results in no probable loss of human life or economic or environmental

losses.

X  LOW HAZARD POTENTIAL: Dams assigned the low hazard potential

classification are those where failure or misoperation results in no probable loss of
human life and low economic and/or environmental losses. Losses are principally
limited to the owner’s property.

SIGNIFICANT HAZARD POTENTIAL.: Dams assigned the significant

hazard potential classification are those dams where failure or misoperation results

in no probable loss of human life but can cause economic loss, environmental
damage, disruption of lifeline facilities, or can impact other concerns. Significant
hazard potential classification dams are often located in predominantly rural or
agricultural areas but could be located in areas with population and significant
infrastructure.

HIGH HAZARD POTENTIAL: Dams assigned the high hazard
potential classification are those where failure or misoperation will probably cause
loss of human life,

DESCRIBE REASONING FOR HAZARD RATING CHOSEN:
In__our__opinion, tailure of _the polishing pond embankment is
not _likely to results in_loss _of human life. Additionally,
considering the size of the pond is less than one acre,
environmental damage to the Susquehanna River or adjacent land
area _resulting from a failure is estimated to be low.

EPA Form XXXX-XXX, Jan 09 2
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CONFIGURATION:

original A - .
ground & o Height

CROSS-VALLEY

IMPOUNDMENT ——

Water or ccw

original ground

INCISED

m::ﬂmmmmmmm
ERRETIAY

i
N * original
ground

Cross-Valley

Side-Hill

Diked

Incised (form completion optional)

X Combination Incised/Diked Original design drawings  specified
inorganic fill from excavation be

Embankment Height up to 39 feet Embankment Material used to construct ~ embankment slopes.

. Original design drawin specitied a 10-toot thick cla
POOI Area less than one acres Lll’lCI’ Iine% on the gunstream gsIonFt;. /

Current Freeboard approx. 22 feet  Liner Permeability Essentially

Impermeable.
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TYPE OF OUTLET (Mark all that apply)

TRAPEZOIDAL TRIANGULAR

Open Channel Spillway

Trapezoidal Top Width Top Width
H <+ —> <+“—>
Triangular

Rectangular $oo v o

Irregular p—

Width

- depth . RECTANGULAR IRREGULAR
bottom (or average) width Average Width

top width

Width

X  Outlet

48" inside diameter

corrugated metal

welded steel
X___concrete

plastic (hdpe, pvc, etc.)

other (specify)

A
Material Inside | Diameter
y

Is water flowing through the outlet? YES X NO

No Outlet

Other Type of Outlet (specify)

The Impoundment was Designed By Originally designed by Pennsylvania
and Light Company; modifications by Kleinschmidt Energy and Water
Resource Consultants.

EPA Form XXXX-XXX, Jan 09
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Has there ever been a failure at this site? YES

If So When?

If So Please Describe :

NO

EPA Form XXXX-XXX, Jan 09
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Has there ever been significant seepages at this site? YES NO

If So When?

IF So Please Describe:
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Has there ever been any measures undertaken to monitor/lower
Phreatic water table levels based on past seepages or breaches
at this site? YES

NO

If so, which method (e.g., piezometers, gw pumping,...)?

If so Please Describe :

EPA Form XXXX-XXX, Jan 09
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Has there ever been any measures undertaken to monitor/lower
Phreatic water table levels based on past seepages or breaches
at this site? YES

NO

If so, which method (e.g., piezometers, gw pumping,...)?

If so Please Describe :

EPA Form XXXX-XXX, Jan 09
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US Environmental @

Coal Combustion Dam Inspection Checklist Form Protection Agency )
Site Name: PPL Brunner Island Date: May 18, 2011
Unit Name:  Incidental Waste Treatment Basin ~ Operator's Name: PPL Brunner Island, LLC
Unit 1.D.: Hazard Potential Classification: High Significant Loy

Inspector's Name: James P. Guarente, P.E. and C. Brad Nourse (GZA GeoEnvironmental. Inc.)

Check the appropriate box below. Provide comments when appropriate. If not applicable or not available, record "N/A". Any unusual conditions or
construction practices that should be noted in the comments section. For large diked embankments, separate checklists may be used for different
embankment areas. If separate forms are used, identify approximate area that the form applies to in comments.

Yes No Yes No
1. Frequency of Company's Dam Inspections? See note 18. Sloughing or bulging on slopes?
2. Pool elevation (operator records)? 267" +/- 19. Major erosion or slope deterioration?
3. Decant inlet elevation (operator records)? 265.3' +/- | 20. Decant Pipes:
4. Open channel spillway elevation (operator records)? N/A Is water entering inlet, but not exiting outlet?
5. Lowest dam crest elevation (operator records)? 272.5'+/- Is water exiting outlet, but not entering inlet?
6. If instrumentation is present, are readings

recorded (operator records)? See |note Is water exiting outlet flowing clear?

7. Is the embankment currently under construction? / 21. Seepage (specify location, if seepage carries fines,

and approximate seepage rate below):

8. Foundation preparation (remove vegetation,stumps,

in?
topsoil in area where embankment fill will be placed)? From underdrain

i i ?
largest diameter below) At isolated points on embankment slopes”

9. Trees growing on embankment? (If so, indicate /
v

10. Cracks or scarps on crest? At natural hillside in the embankment area?

11. Is there significant settlement along the crest? Over widespread areas?

12. Are decant trashracks clear and in place? From downstream foundation area?

13. Depressions or sinkholes in tailings surface or

whirlpool in the pool area? "Boils" beneath stream or ponded water?

14. Clogged spillways, groin or diversion ditches? Around the outside of the decant pipe?

15. Are spillway or ditch linings deteriorated? 22. Surface movements in valley bottom or on hillside?

16. Are outlets of decant or underdrains blocked? 23. Water against downstream toe?

< <
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17. Cracks or scarps on slopes? 24. Were Photos taken during the dam inspection?

Major adverse changes in these items could cause instability and should be reported for
further evaluation. Adverse conditions noted in these items should normally be described (extent, location,
volume, etc.) in the space below and on the back of this sheet.

Inspection Issue # Comments
1. Semi-annual Inspection documented by plant personnel. Plant personnel also conduct a
daily walk around inspection.

3.Skimmer gate generally controls water elevation within ~ pool at approximately 267" +/-.

6. Series ot observation wells Installed outside diked area adjacent to Impoundment (primarily north and
east sides). Wells are periodically sampled for water quality; no formal documentation of water level is maintained.
9. High vegetation with  moderately-sized shrubbery present on embankment slopes in need of maintenance. Large

trees (up to 24" diameter) on outside slopes of adjacent north and east side outer dike which also serves as a
Susquehanna River flood control dike.

19. Occasional localized erosion/washout from surface water runoff observed on crest and
interior dike slopes.

EPA FORM -XXXX
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6. Series of observation wells installed outside diked area adjacent to impoundment (primarily north and
east sides). Wells are periodically sampled for water quality; no formal documentation of water level is maintained.
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9. High vegetation with moderately-sized shrubbery present on embankment slopes in need of maintenance. Large 
trees (up to 24" diameter) on outside slopes of adjacent north and east side outer dike which also serves as a 
Susquehanna River flood control dike.
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19. Occasional localized erosion/washout from surface water runoff observed on crest and 
interior dike slopes.
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Coal Combustion Waste (CCW)
Impoundment Inspection

Impoundment NPDES Permit # _PA 0008281 INSPECTOR_C. Brad Nourse
Date May 18, 2011 James P. Guarente, P.E.

Impoundment Name __ PPL Brunner Island - Incidental Waste Treatment Basin
Impoundment Company PPL Brunner Island,  LLC
EPA Region _ Region il
State Agency (Field Office) Addresss DEP South Central  Regional  Otfice

909 Elmerton Ave. Harrisburg,PA 17110
Name of Impoundment PPL Brunner Island - Incidental Waste Treatment Basin
(Report each impoundment on a separate form under the same Impoundment NPDES
Permit number)

New Update X

Yes No
Is impoundment currently under construction? X
Is water or ccw currently being pumped into
the impoundment? X

IMPOUNDMENT FUNCTION: Receives etfluent from the onsite water treatment

plant and surface water/stormwater runoff — from the
coal storage pile.

Nearest Downstream Town : Name __ Manchester,  PA
Distance from the impoundment Approximately 1.0 miles measured In straight ine on Google Earth.

Impoundment

Location: Longitude 76 Degrees 41 Minutes 47 Seconds
Latitude 40 Degrees 6 Minutes 0__ Seconds
State _ PA County _ York

Does a state agency regulate this impoundment? YES _ X NO
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If So Which State Agency? Pennsylvania _ Department _of Environmental _ Protection  (DEP),
Bureau of Land Recycling and Waste Management

EPA Form XXXX-XXX, Jan 09



patricia.brady
Typewritten Text
PA 0008281

patricia.brady
Typewritten Text
C. Brad Nourse

patricia.brady
Typewritten Text
James P. Guarente, P.E.

patricia.brady
Typewritten Text
May 18, 2011

patricia.brady
Typewritten Text
PPL Brunner Island - Incidental Waste Treatment Basin

patricia.brady
Typewritten Text
PPL Brunner Island, LLC

patricia.brady
Typewritten Text
Region III

patricia.brady
Typewritten Text
DEP South Central Regional Office
909 Elmerton Ave.,Harrisburg,PA 17110

patricia.brady
Typewritten Text
PPL Brunner Island - Incidental Waste Treatment Basin

patricia.brady
Typewritten Text
X

patricia.brady
Typewritten Text
X

patricia.brady
Typewritten Text
X

patricia.brady
Typewritten Text

patricia.brady
Typewritten Text
Receives effluent from the onsite water treatment
plant and surface water/stormwater runoff from the
coal storage pile.

patricia.brady
Typewritten Text
Manchester, PA

patricia.brady
Typewritten Text
Approximately 1.0 miles measured in straight line on Google Earth.

patricia.brady
Typewritten Text
76           41            47

patricia.brady
Typewritten Text
40            6             0

patricia.brady
Typewritten Text
PA              York

patricia.brady
Typewritten Text
X

patricia.brady
Typewritten Text
Pennsylvania Department of Environmental Protection (DEP),
Bureau of Land Recycling and Waste Management


HAZARD POTENTIAL (In the event the impoundment should fail, the
following would occur):

X LESS THAN LOW HAZARD POTENTIAL.: Failure or misoperation of
the dam results in no probable loss of human life or economic or environmental
losses.

LOW HAZARD POTENTIAL: Dams assigned the low hazard potential
classification are those where failure or misoperation results in no probable loss of
human life and low economic and/or environmental losses. Losses are principally
limited to the owner’s property.

SIGNIFICANT HAZARD POTENTIAL.: Dams assigned the significant
hazard potential classification are those dams where failure or misoperation results
in no probable loss of human life but can cause economic loss, environmental
damage, disruption of lifeline facilities, or can impact other concerns. Significant
hazard potential classification dams are often located in predominantly rural or
agricultural areas but could be located in areas with population and significant
infrastructure.

HIGH HAZARD POTENTIAL: Dams assigned the high hazard
potential classification are those where failure or misoperation will probably cause
loss of human life,

DESCRIBE REASONING FOR HAZARD RATING CHOSEN:

Although the 1mpoundment Is diked on all sides, the land outside
the dikes immediately surrounding its south and west sides is
generally at a higher elevation. Land beyond the dike along the
north and east sides is generally only 3 to 5 feet lower than
the highest water level which could be impounded. Review of
original design _drawings indicates a_majority of the impoundment
was _incised  below original grades _when constructed. Failure IS
not likely to result in_loss of human life and _environmental
damage, if any, would primarily be limited to owner's property.
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Although the impoundment is diked on all sides, the land outside
the dikes immediately surrounding its south and west sides is
generally at a higher elevation. Land beyond the dike along the 
north and east sides is generally only 3 to 5 feet lower than
the highest water level which could be impounded. Review of 
original design drawings indicates a majority of the impoundment
was incised below original grades when constructed. Failure is
not likely to result in loss of human life and environmental
damage, if any, would primarily be limited to owner's property.


CONFIGURATION:

original A - .
ground & o Height

CROSS-VALLEY

IMPOUNDMENT ——

Water or ccw

original ground

INCISED

m::ﬂmmmmmmm
ERRETIAY
P
Rt * original
ground

Cross-Valley

Side-Hill

Diked

Incised (form completion optional)

X Combination Incised/Diked (mostly  incised) , , , ,

- . . Review of deS|gn drawmgs Indicate
Embankment Helght See Note 1 feet Embankment Materialmajority of impoundment was incised.
Pool Area approximately 7 acres Liner None Indicated

Current Freeboard See Note 2 feet  Liner Permeability = N/A

Note 1: Approximately 19' along north and east sides. 8.5 along south and west sides.
Note 2: Approximately 16" along north and east sides. 5.5 along south and west sides.
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TYPE OF OUTLET (Mark all that apply)

Open Channel Splllway TRAPEZOIDAL TRIANGULAR
- Trapezoidal Top Width Top Width
Triangular N NI
Rectangular $oo v o
Irregular “oomon
Width
_— depth ) RECTANGULAR IRREGULAR
bottom (or average) width Average Width
top width _I oot [
—_— epth
S +—>
Width
z X Outlet
w — 5
E 36" inside diameter
u- Material Inside | Diameter
o X corrugated metal
welded steel
a concrete
plastic (hdpe, pvc, etc.) ¥
g other (specify)
=i
T Is water flowing through the outlet?  YES _ X NO
ﬂ No Outlet
E Other Type of Outlet (specify)
wl
The Impoundment was Designed By Original  (circa_ 1972 as moditied _ at
m' various times) by Pennsylvania Power and Light Company In-House
: Design Engineers.
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Has there ever been a failure at this site? YES

If So When?

If So Please Describe :

NO

EPA Form XXXX-XXX, Jan 09
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Has there ever been significant seepages at this site? YES NO

If So When?

IF So Please Describe:
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Has there ever been any measures undertaken to monitor/lower
Phreatic water table levels based on past seepages or breaches
at this site? YES

NO

If so, which method (e.g., piezometers, gw pumping,...)?

If so Please Describe :
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US Environmental

Coal Combustion Dam Inspection Checklist Form Protection Agency
Site Name: PPL Brunner Island Date: May 18,2011
Unit Name: Equalization Pond Operator's Name: PPL Brunner Island, LLC
Unit I.D.: Hazard Potential Classification: High Significant Loy

Inspector's Name: James P. Guarente, P.E. and C. Brad Nourse (GZA GeoEnvironmental, Inc.)

Check the appropriate box below. Provide comments when appropriate. If not applicable or not available, record "N/A". Any unusual conditions or
construction practices that should be noted in the comments section. For large diked embankments, separate checklists may be used for different
embankment areas. If separate forms are used, identify approximate area that the form applies to in comments.

Yes No Yes No

1. Frequency of Company's Dam Inspections? SeeNote 18. Sloughing or bulging on slopes? v
2. Pool elevation (operator records)? Varies 19. Major erosion or slope deterioration? v
3. Decant inlet elevation (operator records)? 268.3' +/- | 20. Decant Pipes: _I
4. Open channel spillway elevation (operator records)? N/A Is water entering inlet, but not exiting outlet? v
5. Lowest dam crest elevation (operator records)? 282.0' +/- Is water exiting outlet, but not entering inlet? /
6. If instrumentation is present, are readings . . "

P s ——— / Is water exiting outlet flowing clear? N/A

7. Is the embankment currently under construction? / 21. Seepage (specify location, if seepage carries fines,

and approximate seepage rate below):

8. Foundation preparation (remove vegetation,stumps,

in?
topsoil in area where embankment fill will be placed)? From underdrain

9. Trees growing on embankment? (If so, indicate

i i ?
largest diameter below) At isolated points on embankment slopes”

S

10. Cracks or scarps on crest? At natural hillside in the embankment area?

11. Is there significant settlement along the crest? Over widespread areas?

12. Are decant trashracks clear and in place? N/A From downstream foundation area?

13. Depressions or sinkholes in tailings surface or

whirlpool in the pool area? "Boils" beneath stream or ponded water?

14. Clogged spillways, groin or diversion ditches? Around the outside of the decant pipe?

15. Are spillway or ditch linings deteriorated? 22. Surface movements in valley bottom or on hillside?

16. Are outlets of decant or underdrains blocked? 23. Water against downstream toe?

<
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17. Cracks or scarps on slopes? 24. Were Photos taken during the dam inspection?

Major adverse changes in these items could cause instability and should be reported for
further evaluation. Adverse conditions noted in these items should normally be described (extent, location,
volume, etc.) in the space below and on the back of this sheet.

Inspection Issue # Comments

1. Semi-annual Inspection documented by plant personnel.

8. Knee-high vegetation with  moderately-sized shrubbery  present on east slope
in need of maintenance.

20. Outlet from pond leads to adjacent sump pit and is then pumped to discharge
channel outfall at north end of Ash Basin No. 6.

EPA FORM -XXXX
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8. Knee-high vegetation with moderately-sized shrubbery present on east slope
in need of maintenance.
20. Outlet from pond leads to adjacent sump pit and is then pumped to discharge
channel outfall at north end of Ash Basin No. 6.
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Coal Combustion Waste (CCW)
Impoundment Inspection

Impoundment NPDES Permit # _PA 0008281 INSPECTOR_C. Brad Nourse

Date May 18, 2011 James P. Guarente, P.E.

Impoundment Name _ PPL Brunner Island - Equalization Pond

Impoundment Company PPL Brunner Island,  LLC

EPA Region _ Region il
State Agency (Field Office) Addresss DEP South Central  Regional  Otfice

909 Elmerton Ave. Harrisburg,PA 17110

Name of Impoundment _PPL Brunner Island - Equalization Pond

(Report each impoundment on a separate form under the same Impoundment NPDES
Permit number)

New Update X

Yes No
Is impoundment currently under construction? X
Is water or ccw currently being pumped into
the impoundment? X

IMPOUNDMENT FUNCTION: Receives runoft and incidental plant waste flows.

Nearest Downstream Town : Name __ Manchester,  PA
Distance from the impoundment Approximately 1.0 miles measured In straight ine on Google Earth.

Impoundment

Location: Longitude 76 Degrees 41 Minutes 36 Seconds
Latitude 40 Degrees 5 Minutes 41  Seconds
State _ PA County _ York

Does a state agency regulate this impoundment? YES _ X NO

If So Which State Agency? Pennsylvania _ Department _of Environmental _ Protection  (DEP),
Bureau of Water Quality
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HAZARD POTENTIAL (In the event the impoundment should fail, the
following would occur):

X LESS THAN LOW HAZARD POTENTIAL.: Failure or misoperation of

the dam results in no probable loss of human life or economic or environmental
losses.

LOW HAZARD POTENTIAL: Dams assigned the low hazard potential

classification are those where failure or misoperation results in no probable loss of

human life and low economic and/or environmental losses. Losses are principally
limited to the owner’s property.

SIGNIFICANT HAZARD POTENTIAL.: Dams assigned the significant

hazard potential classification are those dams where failure or misoperation results

in no probable loss of human life but can cause economic loss, environmental
damage, disruption of lifeline facilities, or can impact other concerns. Significant
hazard potential classification dams are often located in predominantly rural or
agricultural areas but could be located in areas with population and significant
infrastructure.

HIGH HAZARD POTENTIAL: Dams assigned the high hazard

potential classification are those where failure or misoperation will probably cause

loss of human life.

DESCRIBE REASONING FOR HAZARD RATING CHOSEN:
The size of the pond is less than one acre with a storage

capacity of approximately 5 acre-feet. In our opinion,
failure of the impoundment is not likely to result in
loss of human life  and environmental damage if any would

primarily be limited to the owner's property.
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failure of the impoundment is not likely to result in 
loss of human life and environmental damage if any would
primarily be limited to the owner's property.
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CONFIGURATION:

original A - .
ground & o Height

CROSS-VALLEY

IMPOUNDMENT ——

Water or ccw

original ground

INCISED

FRRRRTSAS
S
ey * original
ground

Cross-Valley

Side-Hill

Diked

Incised (form completion optional)

X Combination Incised/Diked 5 , N
_— i . esign drawing specifies
Embankment Height see Note 1 feet Embankment Materialcohesive fill.

Pool Area Less than 1 acres Liner See Note 2

Current Freeboard g oepocion . feet  Liner Permeability Essentially

Note 1: Approximately 15 teet along east side only.
Note 2: Design drawing specifies clay subgrade overlan by layered geosynthetics

covered by concrete erosion control revetment.
EPA Form XXXX-XXX, Jan 09
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Note 1: Approximately 15 feet along east side only.
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Design drawing specifies
cohesive fill.
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Essentially impermeable

patricia.brady
Typewritten Text
See Note 2
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Note 2: Design drawing specifies clay subgrade overlain by layered geosynthetics
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TYPE OF OUTLET (Mark all that apply)

Open Channel Splllway TRAPEZOIDAL TRIANGULAR
Trapezoidal Top Width Top Width
Triangular N NI
Rectangular §oor § oo
Irregular p—
Width
—_— depth . RECTANGULAR IRREGULAR
bottom (or average) width Average Width
top width —I ot [
- +—>
Width
z X Outlet
w — 5
E 27" inside diameter
u- Material Inside | Diameter
o corrugated metal
welded steel
a concrete
X plastic (hdpe, pvc, etc.) ¥
g other (specify)
=i
.- Is water flowing through the outlet?  YES NO X (Pond essentially
empty at time of
U inspection)
ﬂ No Outlet
E Other Type of Outlet (specify)
wl
7, The Impoundment was Designed By Circa 1992 by Gilbert/Commonwealth, Inc.

EPA Form XXXX-XXX, Jan 09



patricia.brady
Typewritten Text
X

patricia.brady
Typewritten Text
27"

patricia.brady
Typewritten Text
X

patricia.brady
Typewritten Text
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Has there ever been a failure at this site? YES

If So When?

If So Please Describe :

NO

EPA Form XXXX-XXX, Jan 09
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Has there ever been significant seepages at this site? YES NO

If So When?

IF So Please Describe:
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Has there ever been any measures undertaken to monitor/lower
Phreatic water table levels based on past seepages or breaches
at this site? YES

NO

If so, which method (e.g., piezometers, gw pumping,...)?

If so Please Describe :

EPA Form XXXX-XXX, Jan 09


patricia.brady
Typewritten Text
X


APPENDIX D
PHOTOS

ININWND0A IAIHDOYEY vYd3 SN



ASH BASIN NO. 6 IMPOUNDMENT
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0;13 GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Ash Basin No. 6, 170142.30
York Haven, PA
Photo No. Date:
1 5/18/2011
Direction Photo Taken:
Northwesterly
Description:

Overview of Ash Basin
No. 6 impoundment.

Photo No. Date:
2 5/18/2011

Direction Photo Taken:

Westerly

Description:

Overview of west side of
Ash Basin No. 6 as viewed
from the decant intake
structure. Note high
vegetation/reeds along inside
slope of basin.
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GR GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name:

U.S. Environmental Protection Agency

Site Location:

PPL Brunner Island Station Ash Basin No. 6,
York Haven, PA

Project No.
170142.30

Photo No. Date:
3 5/18/2011

Direction Photo Taken:
Northerly

Description:

Overview of east side of Ash
Basin No. 6 as viewed from
the decant intake structure.
Note high vegetation/reeds
along inside slope of basin.

Photo No. Date:
4 5/18/2011

Direction Photo Taken:
Northerly

Description:

Decant intake structure at
south end of Ash Basin
No. 6. Flow from structure
outfalls into the Polishing
Pond.

Page 2 of 13




Gﬁ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Ash Basin No. 6, 170142.30
York Haven, PA
Photo No. Date:
5 5/18/2011
Direction Photo Taken:
Northwesterly
Description:

Portion of common
embankment separating Ash
basin No. 6 and the Polishing
Pond (shown in foreground).
Note Ash Basin No. 6 Water
Treatment Building and 48-
inch-dameter outfall from
Ash Basin No. 6 into
Polishing Pond.

Photo No. Date:
6 5/18/2011
Direction Photo Taken:
Northerly
Description:

Outside slope of Ash Basin
No. 6 east side embankment
taken from the southeast
corner of the basin.
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GR GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Ash Basin No. 6, 170142.30
York Haven, PA
Photo No. Date:
7 5/18/2011

Direction Photo Taken:
Northerly

Description:

Crest of Ash Basin No. 6
east side embankment
looking north.

Photo No. Date:
8 5/18/2011

Direction Photo Taken:
Westerly

Description:

Overview of Ash Basin

No. 6 impoundment as
viewed from the crest of
embankment near the
southeast end. Note partially
closed/inactive portion of
basin beyond the far shore.

| T— Basin No. 6.

Partially Closed/inactive portion of Ash

Page 4 of 13



Gﬁ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Ash Basin No. 6, 170142.30
York Haven, PA
Photo No. Date: |
9 5/18/2011

Direction Photo Taken:
Southerly 1
Description:

View of water portion of
Ash Basin No. 6 looking
southwest. Note decant
intake structure.

Photo No. Date:
10 5/18/2011

Direction Photo Taken:

Westerly

Description:

Transition area between
partially closed/inactive and
water portion of Ash Basin
No. 6 from embankment
crest at east end.

-
4
Ll
>3
-
O
O
Q
L
=
-
L
O
ol
J
<
Q.
Ll
2
-

Page 5 of 13




) )
Gﬂ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Ash Basin No. 6, 170142.30
York Haven, PA
Photo No. Date:
11 5/18/2011

Direction Photo Taken:
Northwesterly

Description:

Overview of partially
closed/inactive portion of
Ash Basin No. 6 along the
east side of the north end of

Outside slope along east side
embankment near
southeastern end. Heavy
tree/forest growth abuts toe
of embankment along the
majority of the east side.
Note water through/beyond
the trees is the Susquehanna
River.

h the basin.
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m Direction Photo Taken:
} Northeasterly
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GB GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Ash Basin No. 6, 170142.30
York Haven, PA _
Photo No. Date: s B R
13 5/18/2011
Direction Photo Taken:
Westerly
Description:

Standing water observed just
beyond toe of east side
embankment. According to
Plant Representatives this
water is likely remnants of
previous weeks flooding
along the Susquehanna
River.

Photo No. Date:
1 4 5/18/2011

Direction Photo Taken:
Southeasterly

Description:

Localized scarp/erosion
observed scarp near toe of
embankment on the east
side.
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G‘1\\3 GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Ash Basin No. 6, 170142.30
York Haven, PA .
Photo No. Date: R (e 5&#
15 5/18/2011 o ..

Direction Photo Taken:
Southeasterly

Description:

Perforated CMP near in the
area between the toe and the
Susquehanna River at
approximately the mid-point
of the east side embankment.
According to review of the
design drawings, the pipe
appears to be remnants of a
temporary sedimentation
pond associated with Ash
Basin No’s 6 original (circa
1978) construction.

Photo No. Date:
16 5/18/2011

Direction Photo Taken:

Easterly

Description:

View of Ash Slurry
Treatment System effluent
discharge piping situated at
the north end of the basin.
Note Ash Basin No. 6 (left
side of drive is partially
closed/inactive (though not
officially capped); Ash Bain
No. 5 (right side of drive)
has long been capped.
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G‘1\\3 GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Ash Basin No. 6, 170142.30
York Haven, PA

Photo No. Date:
17 5/18/2011
Direction Photo Taken:
Westerly
Description:

Decanted effluent discharge
outfall from the Equalization
Pond. Outfall situated at the
north end of the basin.

Photo No. Date:
18 5/18/2011

Direction Photo Taken:

Southerly

Description:

Decanted effluent from
outfall in previous photo
meanders its way to the
water portion of Ash Basin
no. 6 via a channel traversing
the partially closed/inactive
portion.
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Gﬂ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Ash Basin No. 6, 170142.30
York Haven, PA
Photo No. Date: o
19 5/18/2011
Direction Photo Taken:
Northeasterly
Description:

Outflow from Boiler Unit
Nos. 1 and 2 Bottom Ash
Slurry Treatment System
discharging into the
northeast end of (the
partially closed/inactive
portion) of Ash Basin No. 6.

Photo No. Date:
19 A 5/18/2011

Direction Photo Taken:

Easterly

Description:

View of Bottom Ash
Treatment System. Note
angled auger mechanism
which serves to separate a
majority of the ash from the
raw CCW slurry. The
separated ash is temporarily
stored adjacent to the facility
to allow for final drying and
then processed on and off-
site for beneficial reuse.
Effluent slurry from the
treatment system is pumped
to Ash Basin No. 6.
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Gﬂ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Ash Basin No. 6, 170142.30
York Haven, PA
Photo No. Date: -
198 5/18/2011

Direction Photo Taken:
Southeasterly

Description:

Overview of auger
mechanism and conveyor
system which directs
separated ash to the
temporary storage area (at
the right of the photo) for
final drying.

Photo No. Date: ¢
19C 5/18/2011 -

Direction Photo Taken:
Northerly

Description:

Portion of pipe network
which routes effluent
slurry from Bottom Ash
Treatment System to Ash
Basin No. 6.
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GI\ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Ash Basin No. 6, 170142.30
York Haven, PA
Photo No. Date: E M y}
20 5/18/2011 ;‘:;'yc_?«':‘
p' YA
Direction Photo Taken: "'\‘:
Southerly I"? _,‘

Description:

View of outside slope and
toe area beyond along the
west side of Ash Basin No. 6
near the north end looking
south. Note high vegetation
particularly on slope.
Annual mowing normally
occurs in June.

Photo No. Date:
21 5/18/2011

Direction Photo Taken:
Northwesterly

Description:

Overview along west side of
Ash Basin No. 6
embankment looking north.
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Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Ash Basin No. 6, 170142.30
York Haven, PA
Photo No. Date:
22 5/18/2011

Direction Photo Taken:
Northwesterly

Description:

Close-up view of west side
embankment looking north.
Note knee-high vegetation
precluded close visual
inspection. Annual mowing
occurs in June.

-
<
L
=
=
O
o
(@]
98
=
—
-
O
ol
<
<
Q.
w
2
=

Page 13 of 13




ASH BASIN NO. 6 (POLISHING POND)
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;13 GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station (Ah Basin No. 6) Polishing Pond, 170142.30
York Haven, PA
Photo No. Date:
23 5/18/2011

Direction Photo Taken:
Southwesterly

Description:

North end of polishing pond
as viewed from the crest of
the east embankment. Ash
Basin No.6 Water Treatment
Building (right) conveys
water from Ash Basin No. 6
to the Polishing Pond via a
48-inch RCP pipe.

Photo No. Date:
2 4 5/18/2011

Direction Photo Taken:
Southeasterly

Description:

Overview of the Polishing
Pond from northeast end.
Note stairway leading down
to the impoundment’s decant
outflow structure.
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Gm GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station (Ah Basin No. 6) Polishing Pond, 170142.30
York Haven, PA
Photo No. Date:
25 5/18/2011

Direction Photo Taken:
Westerly

Description:

Decant overflow structure
Note dual 60-inch-diameter
riser pipes and skimmer
structure which control level
of Polishing Pond.

Photo No. Date:
26 5/18/2011
Direction Photo Taken:
Northwesterly
Description:

Inside slope of west
embankment as viewed from
overflow structure. Note
stone riprap protection
placed as a maintenance
action to mitigate erosion
along toe.
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Cvm GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.

U.S. Environmental Protection Agency | PPL Brunner Island Station (Ah Basin No. 6) Polishing Pond, 170142.30
York Haven, PA

Photo No. Date:
27 5/18/2011

Direction Photo Taken:
Southeasterly

Description:
Small scarp near waterline
observed on inside slope on

east side.
Photo No. Date:
28 5/18/2011

Direction Photo Taken:
Southeasterly

Description:

Gate structure for 48-inch
discharge pipe from
Polishing Pond overflow
structure as viewed from
crest of east embankment.
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0;13 GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station (Ah Basin No. 6) Polishing Pond, 170142.30
York Haven, PA
Photo No. Date: .
29 5/18/2011 :

Direction Photo Taken:
Southerly
Description:

Outside slope along west
embankment. Note knee-
high vegetation precluded
close visual inspection.

Annual mowing occurs in

June.

Photo No. Date:
30 5/18/2011

Direction Photo Taken:

Easterly

Description:

Concrete patch/backfill near
toe of embankment at west
side of Polishing pond.
Concrete apparently placed
as part of slope maintenance
program.
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Gﬁ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.

U.S. Environmental Protection Agency | PPL Brunner Island Station (Ah Basin No. 6) Polishing Pond, 170142.30
York Haven, PA

Photo No. Date:
31 5/18/2011

Direction Photo Taken:
Southeasterly

Description:

Ruts observed along toe of
west embankment. It appears
that standing water is more a
result of recent heavy rainfall
rather than seepage through
the embankment.

Photo No. Date:
32 5/18/2011

Direction Photo Taken:

Northerly

Description:

Gate structure for 48-inch-
diameter outfall pipe located
on east side of Polishing
Pond.
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0;13 GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: ProjeCt No.
U.S. Environmental Protection Agency | PPL Brunner Island Station (Ah Basin No. 6) Polishing Pond, 170142.30
York Haven, PA
Photo No. Date: ' ¥ .“: SN s ‘g,’(“ ~
33 5/18/2011 A f‘ 5 )
Direction Photo Taken: - y & ._q,. )
Easterly : TN A a‘j

Description:

Discharge channel which
conveys decanted Polishing
Pond discharge via the 48-
inch-diameter outfall to the
Susquehanna River beyond.

Photo No. Date:
34 5/18/2011

Direction Photo Taken:

Westerly

Description:

View of flap valve over the
48-inch-diameter outfall
pipe. Discharge channel
flows to the Susquehanna
River.

-
<
L
=
>
=
O
&
L
s
—
L
)
o
<
-t
o
i
2,
-

Page 6 of 6




EQUALIZATION POND
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Ga GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Equalization Basin, 170142.30
York Haven, PA
Photo No. Date:
35 5/18/2011
Direction Photo Taken:
Northerly
Description:

Overview of the
Equalization Basin from the
southern end. Note concrete
erosion control revetment
matting along inside slopes.

Photo No. Date:
36 5/18/2011
Direction Photo Taken:
Northwesterly
Description:

View of west inside slope
depicting incised nature of
construction. Note discharge
pipe from plant storm water
runoff.
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Gm GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Equalization Basin, 170142.30
York Haven, PA
Photo No. Date:
37 5/18/2011
Direction Photo Taken: AT,
Westerly
Description:

Overview of inside slope at
south end of Basin.

Photo No. Date:
38 5/18/2011
Direction Photo Taken:
Northwesterly
Description:

Crest of east embankment as
viewed from the south. Note
high vegetation/shrubbery
along outside slope.
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ﬂ GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Equalization Basin, 170142.30
York Haven, PA
Photo No. Date: "
39 5/18/2011
Direction Photo Taken:
Westerly
Description:

North end of equalization
Basin. Note slide gate and
24-inch-diameter pipe. Pipe
conveys discharge of a
portion of the Plant’s interior
drainage collection system.

Photo No.

40

Date:
5/18/2011

Direction Photo Taken:

Southeasterly

Description:

Outside slope of east
embankment as viewed from
the north. Shrubbery and

high vegetation.
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Ga GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Equalization Basin, 170142.30
York Haven, PA
Photo No. Date:
41 5/18/2011
Direction Photo Taken:
Southerly
Description:

View of northern end of the
Equalization Basin.

Photo No. Date:
42 5/18/2011

Direction Photo Taken:

Easterly

Description:

Local minor erosion
observed along the outside of
the east embankment.
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Gm GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Equalization Basin, 170142.30
York Haven, PA
Photo No. Date:
43 5/18/2011

Direction Photo Taken:
Southeasterly

Description:

Toe of eastern embankment
slope as viewed from the
north. Access road area
immediately beyond toe.

Photo No. Date:
44 5/18/2011

Direction Photo Taken:
Southwesterly

Description:
Toe of southern embankment
slope looking west.
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INCIDENTAL WASTE TREATMENT BASIN (IWTB)
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GZ("? GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name:

U.S. Environmental Protection Agency

Site Location:

PPL Brunner Island Station Incidental Waste 170142.30
Treatment Basin (IWTB), York Haven, PA

Project No.

Photo No. Date:
45 5/18/2011

Direction Photo Taken:
Northwesterly

Description:

Overview of the south
lagoon from the Decant Gate
and Sensor Equipment
Monitoring Structure. Note
north side of north lagoon as
well as the east sides of the
north, middle and south
lagoons are bordered by the
Susquehanna Flood Control
Levee, the top of which is
approximately 11 feet higher
than the incised IWTB
lagoons.

Photo No. Date:
46 5/18/2011

Direction Photo Taken:
Easterly

Description:

Overview of Decant Gate
and Sensor Equipment
Monitoring Structure at the
southeast corner of the south
lagoon. A 36-inch-diameter
CMP discharges decanted
water to the Susquehanna
River. Note water may also
be diverted back into the
adjacent Intake Water
Treatment Plant solids
settling basin (located to the
right of the dike in photo) for
re-treatment as necessary.
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GB GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Incidental Waste 170142.30
Treatment Basin (IWTB), York Haven, PA
Photo No. Date: Rt
47 5/18/2011

Direction Photo Taken:
Southwesterly

Description:

Intake Water Treatment
Plant solids settling basin
situated at the southern most
portion of the IWTB. Note
water flows to the canal
which runs along the west
side of the IWTB to the Coal
Pile Runoff Treatment

Facility.

Photo No. Date:
48 5/18/2011

Direction Photo Taken:

Southerly

Description:

Stone protection over CMP
discharge pipe at eastern end
of Intake Water Treatment
Plant solids settling basin.
Flow through pipe is
discharge from the Intake
Water Treatment Plant
which is located
approximately 650 feet
southeast of this location.
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Gﬁ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Incidental Waste 170142.30
Treatment Basin (IWTB), York Haven, PA
Photo No. Date:
49 5/18/2011

Direction Photo Taken:
Easterly

Description:

Intake Water Treatment
Plant solids settling basin
viewed from the west end.
Note common dike
separating the basin and
south lagoon (left).

Photo No. Date:
50 5/18/2011

Direction Photo Taken:
Easterly

Description:

View of inside slope of south
side dike at the south lagoon.
Note heavy vegetation and
shrubbery precluded close
visual inspection of slope.
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0‘1\\3 GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name:

U.S. Environmental Protection Agency

Site Location:

Project No.

PPL Brunner Island Station Incidental Waste 170142.30
Treatment Basin (IWTB), York Haven, PA

Common Dike

Photo No. Date:
51 5/18/2011
Direction Photo Taken:
Northeasterly
Description:

(At left) view of inside slope
of common dike between the
middle and south lagoons.
Note heavy shrub/small tree
growth and high vegetation.
Also note the higher
elevation Susquehanna Flood
Control Levee in the
background which forms the
east side of the north, middle
and south lagoons.

R

Flood Control Levee

Photo No. Date:
52 5/18/2011
Direction Photo Taken:
Northeasterly
Description:

Crest of common dike
between the middle and
south lagoons. Note
overgrown vegetation on
slopes. Staircase at end of
dike leads up to crest of
Susquehanna Flood Control
Levee which borders the east
side of the north, middle and
south lagoons.

Page 4 of 13




Gﬁ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Incidental Waste 170142.30
Treatment Basin (IWTB), York Haven, PA
Photo No. Date: N
53 5/18/2011 Wi

- YRR
%

Direction Photo Taken:
Southeasterly

Description:

Travel way dike along
western side of IWTB.
Canal along right side of
travel way conveys water to
the Coal Pile Runoff
Treatment Facility for
eventual discharge into the
north lagoon.

Photo No. Date:
5 4 5/18/2011

Direction Photo Taken:
Southwesterly

Description:

Slide gate (normally closed
as shown), at western canal
allows conveyance of water
via a 24-inch CMP to the
middle lagoon if necessary.
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Gﬁ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
Treatment Basin (IWTB), York Haven, PA
Photo No. Date:
55 5/18/2011
Direction Photo Taken:
Easterly
Description:

Overview of middle lagoon
from western end. Note
moderate to heavy
vegetation, shrubbery and
small trees along inside

Inside slope of common dike
between middle lagoon
(right) and north lagoon.
Note moderate to heavy
vegetation, shrubbery and
small trees along inside
slopes.

E slopes.
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Gﬁ GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name:

U.S. Environmental Protection Agency

Site Location:

PPL Brunner Island Station Incidental Waste 170142.30
Treatment Basin (IWTB), York Haven, PA

Project No.

Photo No. Date:
57 5/18/2011

Direction Photo Taken:
Southeasterly

Description:

Overview of canal along
western side of IWTB
looking southeasterly. Note
minor to moderate
erosion/scarps along slope.

Photo No. Date:
58 5/18/2011
Direction Photo Taken:
Northeasterly
Description:

Crest of common dike
between middle and north
lagoons. Note moderate to
heavy vegetation, shrubbery
and small trees along inside
slopes.
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Gm GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
Treatment Basin (IWTB), York Haven, PA
Photo No. Date:
59 5/18/2011
Direction Photo Taken:
Northwesterly
Description:

View of Coal Pile Runoff
Water Treatment Facility at
northwestern portion of the
IWTB. Note concrete intake
from west side canal (lower

left).

Photo No. Date:
60 5/18/2011

Direction Photo Taken:

Westerly

Description:

Intake, from west side canal,
to the Coal Pile Runoff
Water Treatment Facility.
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Gﬁ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Incidental Waste 170142.30
Treatment Basin (IWTB), York Haven, PA
Photo No. Date:
61 5/18/2011

Direction Photo Taken:
Easterly

Description:

Mixing tanks at Coal Pile
Runoff Treatment Facility.
Note water is discharged
from the treatment facility to
the north lagoon.

Photo No. Date:
62 5/18/2011

Direction Photo Taken:
Southerly

Description:

Discharge outfall from Coal
Pile Runoff Treatment
Facility into the north
lagoon. Discharge pipe is
fully surrounded by turbidity
curtains. Note high
vegetation on inside slopes.
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C:ﬁ GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name:

U.S. Environmental Protection Agency

Site Location:

PPL Brunner Island Station Incidental Waste
Treatment Basin (IWTB), York Haven, PA

Project No.
170142.30

Photo No. Date:
63 5/18/2011
Direction Photo Taken:
Northeasterly
Description:

North lagoon as viewed from
the southwest. North lagoon
is bounded on the north and
east sides by the
Susquehanna Flood Control
Levee (mostly hidden just

beyond the trees).
Photo No. Date:
6 4 5/18/2011

Direction Photo Taken:
Northerly

Description:

View of Susquehanna Flood
Control Levee which makes
up the north embankment of
the north IWTB lagoon (as
well as the east side of the
north, middle and south
lagoons).
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Gﬁ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
Treatment Basin (IWTB), York Haven, PA
Photo No. Date:
65 5/18/2011
Direction Photo Taken:
Southerly
Description:

View of north lagoon and the
Coal Pile Runoff Treatment

View of the crest along
the Susquehanna Flood
Control Levee which
forms the north
embankment of the north
lagoon and the east
embankment of the north,
middle and south lagoons.
North lagoon is at right.

Facility.
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Gﬂ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Incidental Waste 170142.30
Treatment Basin (IWTB), York Haven, PA
Photo No. Date: ' o DS
67 5/18/2011

Direction Photo Taken:
Southerly
Description:

Overview of north lagoon as
viewed from the crest of the
Susquehanna Flood Control
Levee. Note middle pond is

at left.
Photo No. Date:
6 8 5/18/2011

Direction Photo Taken:
Southwesterly

Description:

Overview of common dike
between the middle and
north lagoons from the crest
of the Susquehanna Flood
Control Levee. Note
moderate to locally heavy
erosion, scarps and high
vegetation along both sides
of dike.
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Gﬂ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
U.S. Environmental Protection Agency PPL Brunner Island Station Incidental Waste 170142.30
Treatment Basin (IWTB), York Haven, PA
Photo No. Date: -_:; 3
69 5/18/2011 S

Direction Photo Taken:
Southwesterly

Description:

Overview of common dike
between the south and
middle lagoons from the
crest of the Susquehanna
Flood Control Levee. Note
the ground water quality
testing well in the

foreground.
PhOtO NO. Date:
70 5/18/2011

Direction Photo Taken:
Southeasterly

Description:

View of south lagoon from
common dike between the
south and middle lagoons.
Note Decant Gate and
Sensor Monitoring Structure
at left side.
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PREVIOUS REPORTS AND REFERENCES

The following is a list of drawings and related information that was located during the file review, or was
referenced in previous reports.

1.

10.

11.

HDR Engineering, Inc., Slope Stability Assessment Brunner Island Ash Basin No. 6, December
2009. (Attached herein).

HDR Engineering, Inc., 2010 Annual Inspection Report Brunner Island Ash Basin No. 6,
December 2010.

HDR Engineering, Inc., 2009 Annual Inspection Report Brunner Island Ash Basin No. 6,
November 20009.

Borings, Soil & Testing Company Geotechnical Engineers, Report on Investigation of
Foundation Conditions for Ash Storage Basins 6 and 7 Brunner Island S.E.S., August 1977.

Power Plant Engineering Development, Initial Inspection Report Brunner Island SES Ash Basin
No. 6, June 1981

PADEP, Form 1R Facility Plan For Residual Waste Facility, PPL Generation, LLC.
PADEP, Form 12R Operation Plan — Phase 1l, PPL Generation, LLC.

Pennsylvania Power & Light Company, Drawing E158596-4, Brunner Island S.E.S., Ash Basin
No. 6 And Polishing Pond Plan & Sections, January 1978.

Pennsylvania Power & Light Company, Drawing E158596-6, Brunner Island S.E.S., Ash Basin
No. 6 And Polishing Pond Plan & Sections, January 1978.

Pennsylvania Power & Light Company, Drawing E-178085, Brunner Island S.E.S., Ash Basin
No. 6 — Polishing Pond Enlarged Plan, June 1979.

Schnabel Engineering, Geotechnical Engineering Report, PPL Brunner Island SES Transient
Seepage and Slope Stability Study (Reference 116151019), February 17, 2012. (Attached
herein).

The following references were utilized during the preparation of this report and the development of the
recommendations presented herein.

1.

2.

3.

USACE, “Recommended guidelines for safety inspection of dams,” EM 1110-2-106, 1979.
FEMA, “Federal Guidelines for Dam Safety,” May 2005.

Pennsylvania Code Title 25, Chapter 105, Dam Safety and Waterway Management
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Section 1
Executive Summary

PPL Generation, LLC (PPL) owns and operates Ash Basin No. 6 at their Brunner Island Steam
Electric Station located in Manchester Township, Pennsylvania. HDR|DTA performed dam
safety inspections of Brunner Island Ash Basin No. 6 in 2008 and 2009, as required by

Pennsylvania Department of Environmental Protection (PADEP) regulations.

During the annual inspections of Brunner Island Ash Basin 6, several slope stability issues were

identified. These included:

m Evidence of past slope sloughs at the north and south ends of the east embankment and at
the north end of the west embankment. The sloughs were generally shallow, less than 3 feet
deep, and reportedly occurred during recedance of flooding on the Susquehanna River.

m Puddled water and other evidence of seepage were observed extending approximately 1/3 of
the way up the slope from the toe along the eastern embankment. This degree of seepage
was considered to be a concern for a 2:1 slope. Note that PPL reported that this seepage was
not evident in July 2008.

m The proximity of the ash basin slopes to the Susquehanna River creates the potential for
recurring rapid drawdown conditions on the downstream slope due to significant,
rapid-stage changes as a result of flooding.

m A topsoil and ash stockpile adjacent to the west embankment will surcharge the adjacent
slope, although this effect is limited to a small portion of the overall embankment. PPL has

reported that the slopes of this stockpile have since been cut back.

As a result of these observations, a recommendation was presented in the 2008 inspection report
that the stability of the ash basin perimeter dike be reviewed and assessed in greater detail.
Analyses from the original design were not available for review, although foundation boring
logs, construction drawings and specifications, and field compaction test results were available.
HDR|DTA performed preliminary slope stability analyses of the embankment using assumed soil
parameters and groundwater assumptions. These analyses indicated that the stability of the

embankment could be deficient and more detailed exploration and analyses were warranted.

R | \21a 1
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Section 1 Executive Summary

A reconnaissance level field and laboratory geotechnical investigation was conducted in the
summer of 2009. A total of four test borings were drilled at two cross sections on the east
embankment that were identified as being potentially critical. Field and laboratory strength
testing was performed, and piezometers were installed in each boring. The drilling program
found that the embankment was constructed of dense silt, sand, and gravel with lenses of
material varying from hard clay to gravel. The foundation soils consisted of stiff to very stiff
clayey silt and silty clay, and moderately dense to dense silty sand. The phreatic surface varied
between the two sections, with the phreatic surface at the north section of the east embankment
significantly higher than in the middle. The north section was adjacent to an area where sloughs

had occurred previously.

Slope stability analyses were conducted using the site specific strength and piezometric data.
The factors of safety for the downstream embankment slope were found to be slightly less than
the accepted values for the normal operating and surcharge (full basin) conditions, but were

considered acceptable.

The factor of safety for the rapid drawdown condition, which would occur during the recession
of major flooding on the Susquehanna River, was marginal. The slip surfaces for both the 100-
and 500-year floods with factors of safety of 1.0 extended to the crest of the embankment, with a
deep failure surface extending through the entire crest of the embankment for the 500-year flood.
The failure surface for the 500-year flood in particular, is deep enough that an embankment
breach could result. The recommended factor of safety for the rapid drawdown condition is
between 1.1 and 1.3 for embankment dams, and 1.0 for levees. The relatively low required
factors of safety recognize that the drawdown analysis requires that a number of simplifying
assumptions be made, which tend to be conservative. PPL noted that ash basins No. 4 and 5,
which are of similar design, were subject to extreme flooding in 1972 as a result of hurricane
Agnes without experiencing significant slope failures. The peak flow was reportedly close to the

500-year flood level, and the peak stage was close to the top of the dikes.

Based on the results of the analysis, the occurrence of sloughs in the recent past, the service life

that will be required of the closed ash basin, and the economic and ecological consequences

R | \21a 2
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Section 1 Executive Summary

associated with a breach of the embankment and release of ash; remediation of the embankment
is warranted. The remediation would likely consist of construction of either a stabilization berm
or shell, constructed of free-draining gravel. The cross section of the embankment is generally
consistent around the ash basin, and the west embankment will also be exposed to river flooding,
so that the berm will likely be needed over most of the perimeter, which would be a significant
project. A filter would be incorporated into either option to address seepage. Additional
investigation would be appropriate to account for variations in embankment fill properties and
groundwater conditions. Scour and erosion resulting from flood flows should also be considered
as part of the remediation. PPL noted that a scour study was completed in 2007, and concluded

that scour would not be a problem as a result of very low velocities along the shoreline.

Conversely, additional analyses could be performed to assess the transient seepage conditions
which may determine that an embankment breach as a result of drawdown would not occur.
These analyses are not straightforward, and there are a number of variables that would need to be

considered.

Until a final stabilization plan is implemented, PPL should consider the following:

m  Repair the existing sloughed areas.

m Drawdown the reservoir if significant tailwater flooding is forecast. While this is not

expected to have a major effect, it may reduce the likelihood of progressive failure.

m  Continue monitoring piezometers on a monthly basis until annual trends can be established.

R | \81a 3
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Section 2

Background

Brunner Island Ash Basin No. 6 is an oval-shaped, man-made reservoir constructed to contain
and store coal ash slurry. A plan of the ash basin and original construction drawings are
provided in Appendix A. The ash basin consists of an earth embankment perimeter dike that is
approximately 8,300 feet in circumference and has a maximum height of the downstream slope
of about 30 feet. The crest of the embankment is at elevation 290 feet. The surface area is about
70 acres, and the storage capacity at the crest of the embankment is about 2,600 acre-feet. The
ash basin was constructed in 1979 and is due to be retired in 2011. After retirement, the basin

will continue to store partially consolidated coal ash slurry.

The majority of the embankment was constructed of native sandy silt to silty clay compacted to
at least 95 percent of the maximum density determined in accordance with ASTM standard
D698, the Standard Proctor test. A 10-foot-thick clay blanket was constructed on the upstream
face of the embankment, extending from elevation 287.5 feet (2.5 feet below the crest) to rock.
Compaction tests are available indicating that the embankment was constructed substantially in
accordance with the specifications. The basin contains two intermediate dikes that divide the
basin into three sub-basins. The northernmost sub-basin is essentially filled with ash, although
slurry is still routed through it, maintaining it in a saturated state. The center basin is partially
full, and the southern basin, referred to as the polishing pond, is used for final clarification of
free water before it is discharged to the Susquehanna River. The Susquehanna River is located
approximately 80 feet east of the ash basin at its closest point, and flooding from the
Susquehanna periodically extends up the embankment slopes. The ash basin falls under the
jurisdiction of the PADEP with respect to dam safety. The dam is classified as a medium-sized,
significant-hazard-potential structure, referred to as size B-2 using PADEP terminology.
PADEP requires that the dam be inspected quarterly and has established safety requirements,

although the performance criteria have not been established.

HDR|DTA performed annual inspections for PPL in 2008 and 2009. Several slope stability

issues were identified during these annual inspections. These included:

R |\ 4
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Section 2 Background

m  Evidence of past slope sloughs at the north and south ends of the east embankment and at
the north end of the west embankment. The sloughs were generally shallow, less than 3 feet
deep, and reportedly occurred during recedance of flooding on the Susquehanna River.

m Puddled water and other evidence of possible seepage (or soil saturation) were observed
extending approximately 1/3 of the way up the slope from the toe along the eastern
embankment. This degree of saturation was considered to be a concern for a 2:1 slope.
Note that PPL reported that this wetness was not evident in July 2008, and the saturation
observed in the 2009 inspection was not as extensive as that observed in 2008, possibly
because the river hadn’t recently flooded and there hadn’t been as much recent rainfall. The
inspection was conducted in late May in 2009, as opposed to late April in 2008, and there
may also be seasonal differences in embankment saturation.

m The proximity of the ash basin slopes to the Susquehanna River creates the potential for
recurring rapid drawdown conditions on the downstream slope due to significant, rapid stage
changes as a result of flooding.

m A topsoil and ash stockpile adjacent to the west embankment will surcharge the adjacent

slope.

As a result of these observations, a recommendation was presented in the 2008 inspection report
that the stability of the ash basin perimeter dike be reviewed and assessed in greater detail.
Analyses from the original design were not available for review, although foundation boring
logs, construction drawings and specifications, and field compaction test results were available.
HDR|DTA performed preliminary slope stability analyses of the embankment using assumed soil
parameters and groundwater assumptions. These analyses indicated that the stability of the

embankment could be deficient and more detailed exploration and analyses were warranted.

PPL requested that HDR|DTA perform an assessment of the stability of the embankment, which
included the development and coordination of a subsurface and laboratory investigation program.
Construction drawings, specifications, and compaction test results were provided by PPL, but the
original slope stability analyses and assumptions were not available. The subsurface
investigation program conducted in June 2009 served to gather information on in situ soil
strength parameters and groundwater conditions for the embankment sections determined to be

critical during the 2009 annual inspection.

R | \21a 5
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Section 3
Subsurface Investigation

3.1 Embankment Geometry

The embankment cross section is generally consistent all of the way around, with the following

differences:

m The embankment height varies from essentially zero at the north end of the embankment to
approximately 30 feet at the middle of the east embankment. Natural ground at the west
embankment is generally higher than at the east embankment, although the west
embankment is still exposed to flooding from the Susquehanna River.

m The upstream water level is highest in the northern sub-basin, approximately 1 to 2 feet
higher than the middle basin, at about elevation 288 feet. This is high enough to overtop the
upstream clay liner. The water level in the center basin is normally about 287 feet. The
water level in the polishing pond is normally slightly above the intake pipe top elevation of
268 feet.

m  There is an 18-foot-high fill stockpile on the west embankment near Sta 11+00. Because

this is a local occurrence, this section was not chosen for analysis.

Two embankment sections were chosen for exploration, as shown on the plan in Appendix A.
Photos of the embankment sections are provided in Appendix B. These sections were believed

to be critical based on observations made during the annual inspections, as noted below.

East Embankment at Station 21+80, Section 1-1 — This section was located immediately south of
the series of shallow sloughs described previously. The location where the holes were drilled
obviously has a somewhat higher factor of safety with respect to shallow slides than the slide
area, but the expectation is that this section was likely marginally stable at the time the adjacent
sections slid. Wet soils were observed on the embankment face approximately 1/3 of the way up
the slope and the toe was saturated, possibly indicating a high phreatic surface. A channel
carrying free water is present at the upstream face. The section height is approximately 25 feet,

slightly less than the maximum section height.

R | \21a 6
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Section 3 Subsurface Investigation

East Embankment at Station 7+44, Section 2-2 — The section height is approximately 30 feet,
which is near the maximum height of the downstream slope. The toe of the embankment was
observed to be wet at this location with intermittent puddles of standing water near the base of
the slope, extending 5 feet up the slope. Water was observed actively seeping from the slope at
and near the location of Boring B09-4 and could be audibly heard as it trickled down the slope.
The toe was saturated. These observations were not consistent with the piezometer readings,
which show the phreatic surface below the ground surface at Sta 7+44. It is apparent that
phreatic conditions are not straightforward, as discussed later. Saturation of the slope and toe
may be the result of rainfall and high river levels, although there is not enough piezometric data

to assess seasonal trends. Open water in the middle sub-basin extends to the upstream face.

Note that the stability of the splitter dike between the middle sub-basin and the polishing pond
was not assessed during this study. The splitter dike is totally contained within the perimeter
dike, and a breach of the splitter dike would not result in an uncontrolled release of ash,

providing the discharge conduit was closed.

3.2 Geotechnical Exploration

Four borings were drilled in the east embankment. Two borings were located at approximate
station 7+44 (Section 2-2), and an additional two borings were located at approximate station
21+80 (Section 1-1). At each station, one boring was drilled in the crest through the existing
access road, and the second boring was drilled from the slope near the downstream toe of the
embankment. Subsurface exploration and piezometer installation was performed by Cumberland
Geoscience Consultants (CGC), contracted to PPL. Geotechnical engineering observation,
borehole logging, and piezometer installation coordination was provided by a geotechnical
engineer with HDR|DTA. Drilling work started on Monday, June 8, 2009 and was completed on
Thursday, June 18, 2009.

Borings located at the crest of the embankment were drilled using a truck-mounted Acker

SoilMax drilling rig using 4-1/4-inch-diameter, hollow-stem augers (B09-1 and B09-3).

R | \21a 7
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Section 3 Subsurface Investigation

Benches were cut in the slope at B09-2 and B09-4 to provide relatively flat working areas to set
and support the skid rig. The bench was dug by a PPL Contractor using a large excavator
working from the perimeter road at the top of the slope. Bench dimensions were approximately
2 to 3 feet in height and 5 to 6 feet in width, measured perpendicular to the axis of the
embankment. The upper 2 to 3 feet of the slope was generally observed as wet to saturated
during excavation of the bench area. Below a depth of 2 to 3 feet, the soil was typically moist to

dry with zones of wet soil.

Boring locations on the downstream slope were accessed by winching the skid-mounted rig from
the perimeter road down the slope to the excavated working area. A perimeter guard rail
consisting of I-beam posts with steel cable strung between posts was located along each side of
the perimeter road. The guard rail cable on the downstream side of the road was removed prior
to winching the rig off the crest. The skid-rig was then winched down the slope with the help of

the excavator which was used to help stabilize the rig during winching.

Borings located on the downstream slope were drilled using a skid-mounted Sprague and
Henwood 40C drilling rig using a 3-7/8-inch-diameter tri-cone bit and rotary drilling methods
(B09-2 and B09-4). Four-inch internal diameter steel casing was advanced in holes completed

with rotary drilling methods.

Following completion of borehole drilling and installation of the piezometer, the skid-rig was
winched off of the borehole location and back up the slope. The excavated soil materials were
replaced in the excavated area and lightly compacted by tamping with the backhoe bucket. PPL

re-attached the guard rail cable.

Sampling was performed at selected depth intervals designated by the geotechnical engineer.
Sampling was completed using a Standard Penetration Test (SPT) split-spoon sampler driven
24 inches using a 140-pound safety hammer. At selected locations and depths where cohesive
soils were encountered, 3-inch-diameter thin-walled tube samples were attempted. Bulk samples
consisting of auger cuttings from selected depth intervals of the embankment fill were also

obtained at Boring B09-1. Samples were logged, classified in the field, photographed, and
HER |8 8
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Section 3 Subsurface Investigation

placed in clean glass jars for later laboratory testing. Boring logs were maintained in the field by

the on-site geotechnical engineer.

Borehole termination was based on refusal to either the drilling equipment, SPT sampler, or
based on observation of rock or weathered rock materials in recovered samples. Upon
completion of drilling to the required depth, one-inch-diameter piezometers were installed with

screened depth intervals selected by the geotechnical engineer.

Soil materials were generally granular consisting of silt, sand, and gravel. Fill materials were
generally classified as gravelly silt with sand, sandy silt with gravel, or silty sand with gravel.
Fill materials contained zones of material that ranged from gravel to clay. Changes in moisture
content were often observed at these zones where water was often visible in granular zones
above or between silt or clay zones. A layer of natural clayey silt (ML) or silty clay (CL) soil
was observed below the fill at most of the borings. Silty sand (SM) with gravel was often
present beneath the clayey silt or silty clay material. Partially weathered rock materials, assumed
to consist of mudstone or sandstone based on recovered fragments, were encountered below the

soil materials near the termination of the borings.

Boring logs were prepared based on the field observations and measurements obtained by the

HDR|DTA field engineer and are provided in Appendix C.

3.3 Piezometer Construction

Open standpipe piezometers were installed in all four borings. Generally, a single piezometer
was installed with the screen interval slightly below the depth where wet soil materials or water

were observed during drilling. Two piezometers were installed in Boring B09-3.

Piezometers were constructed by first using bentonite chips to fill and seal the borehole below
the selected piezometer elevation. Filter sand (No. 00) was next placed in the borehole to the
bottom of the selected screen depth. A 1-inch-diameter PVC piezometer pipe was then placed in

the borehole and additional sand was placed to the selected height above the screen. Bentonite
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Section 3 Subsurface Investigation

chips were then placed to seal the borehole above the sand filter. Bentonite chips were placed to
within a few feet of the borehole surface where sand or drill cuttings were then placed to

complete the installation.

Flush mount covers were installed for piezometers B09-3A/3B and B09-1 located in the
perimeter road. A one-inch-diameter drain pipe was extended from inside the flush mount cover,
below the level of the piezometer cap, to daylight near the top of the downstream slope. This
was installed to keep the road boxes from filling with water and influencing the piezometers in
the event of puddles or standing water on the crest road. Standpipe protective covers were
installed for piezometers B09-2 and B09-4 located near the downstream toe. Cement was placed
around the flush mount or standpipe cover to secure the cover in place. PVC caps were placed

on top of the PVC piezometer risers inside the covers to keep out dirt and debris.

Details on piezometer construction depths are provided on the individual boring logs provided in
Appendix C. Daily measurements of installed piezometers were obtained by the HDR|DTA
geotechnical engineer during drilling of the remaining boreholes. Ongoing measurement of the
piezometers is being performed by PPL. Plots of piezometric elevation versus time are provided
in Appendix F. The three piezometers at Sta 7+44 toe of the embankment, (B-3A, B-3B, and
B-4), most recently indicated that the phreatic surface was below the bottom of the piezometer,
yet the ground surface at the toe was wet. It is apparent that the native sand layer observed in the

borings is acting as a drain.
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Section 4

Stability Analysis Criteria

PADEP Code 105.97 requires that the stability of jurisdictional dams be assessed, but does not
stipulate analysis methodology or criteria. For the purposes of this analysis, the methodology
and criteria in U.S. Army Corps of Engineers (USACE) Engineering Manual EM 1110-2-1902
(Revised October 31, 2003) Slope Stability and EM 1110-2-1913 (Revised April 30, 2000)
Design and Construction of Levees were used. The loading conditions stipulated by USACE are
described below, along with reservoir and tailwater levels, the recommended analysis method,
required factor of safety for each loading condition, and the reference for each parameter.
USACE notes that a deformation-based seismic analysis method is being developed, but has not
yet been issued. Seismic analyses were performed using the Blake equivalent pseudo-seismic
coefficient method, a deformation-based analysis, as described in “Guidelines for Evaluating and
Mitigating Seismic Hazards in California.” (Special Publication 117, Page 29 of California
Geological Survey 2008).

Critical Section - Section 1-1, located at Station 21+80

The piezometric levels at Section 1-1 are noticeably higher than at Section 2-2. Also, the ash
basin at Section 1-1 has essentially been filled, while there is an open pool at Section 2-2.
Otherwise, the two sections are essentially the same. The cause of the variation in phreatic
surfaces has not been explained, but could be due to the fact that the free water level against
Section 1-1 may be slightly higher than at Section 2-2, which may overtop the upstream clay
liner. Variation in the fines content of the embankment fill material, especially the higher fine
contents at Section 1-1, may also partially explain the higher embankment phreatic level. Note
that there are likely sections with phreatic surfaces that are higher than that encountered at

Section 1-1, and this warrants some conservatism when interpreting the stability analysis results.

Section Geometry

Upstream embankment slope: 2.5:1 (Drawing E158595)
Downstream slope: 2:1 (Dwg E158595, field verified with an inclinometer May 1, 2008)

R | \81a 11
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Section 4 Stability Analysis Criteria

Crest Width: 15 feet (Drawing E158595, field measured as 19 feet on May 28, 2009)
Crest Elevation: 290 feet (Drawing E158595), NGVD 1929
Toe Elevation: 265 feet (Drawing E324218)

Piezometer locations/elevations: Determined with a tape and pop level, May and June,

2009)

Loading Conditions — Downstream slope only

Normal Operating Condition (Steady Seepage)

Headwater: 288.0 feet (PADEP Dam Inspection Checklist, 2008)

Tailwater: None

Phreatic conditions: Based on piezometer readings at Section 1-1, 9/16/2009. Piezometer
readings are based on limited data recorded in June, July, and September 2009. Additional
data should be obtained when available.

Analysis Method: Drained (EM 1110-2-1902 Table 2-1, p. 2-2)

Required Factor of Safety: 1.5 (EM 1110-2-1902 Table 3-1, p. 3-2), and PADEP Residual

Waste Regulation guidelines.

Note that PPL plans to lower the normal operating level from 288.0 feet to 287.3 feet in 2010.
The water level at the time of the 2009 inspection was at Elevation 286.9 feet. The operating
level is measured at the downstream (south) end of the open water part of the basin. The
elevation of free water at the upstream end of the basin, near the ash sluicing operation, is
somewhat higher as evidenced by the visible gradient in the discharge channel; but it has not
been measured. Despite the filling of the northern portion of the ash basin, a discharge channel
near Section 1-1 provides free water close to the upstream face of Section 1 1, and there is free

water at the upstream face of the embankment at Section 2-2.

Maximum Surcharge Pool

Headwater: 289.0 feet (assumed as 1 foot below top of dike)

R | \21a 12
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Section 4 Stability Analysis Criteria

Tailwater: None

Phreatic conditions: Based on piezometer readings at Section 1-1, 9/16/2009, scaled up to
account for the 1-foot reservoir rise and probable variation in the fill permeability.

Analysis Method: Drained (EM 1110-2-1902 Table 2-1, p. 2-2)

Required Factor of Safety: 1.4 (EM 1110-2-1902 Table 3-1, p. 3-2 — Consider as Surcharge
Pool.)

The potential for overtopping the embankments was identified as a concern in the annual dam
safety inspections. The basin does not have any drainage area other than the basin itself, so that
there are no flood runoff issues, except within the basin. All water into the basin is either rainfall
falling directly on the basin, or is discharged with pumped sluice lines. PPL intends to install
level monitoring devices at the sluice discharge points, in addition to their normal monitoring
program. PPL has verified that the level monitoring coupled with the operators’ daily inspection
rounds will prevent overtopping of the embankment. Therefore, the surcharge condition has
been assumed as a 1-foot rise above the normal reservoir level, and it has been assumed that this
condition would be observed and remedial measures taken before it rises further. The
piezometer response to changes in phreatic surface is unknown; therefore, it has also been
assumed that the rise in phreatic surface associated with this surcharge will be linear and
proportional, varying from one foot above the measured piezometric head at the embankment
center to downstream ends. This may be somewhat conservative, since it is likely that the
surcharge level will not be maintained long enough for phreatic surface conditions to stabilize.
However, extrapolating the higher-than-measured phreatic surfaces allows determination of the
factor of safety at locations where the phreatic surface may be higher than Section 1-1 or for a

seasonal or future increase in the existing piezometric head.

Maximum Tailwater — This is the first stage of three-stage rapid drawdown analysis for

evaluation of the stress state in embankment

Headwater: 288.0 feet (PADEP Dam Inspection Checklist, 2008)
Tailwater: 278.2 and 288.8 (100-year and 500-year flood tailwater elevation per PPL email
9/17/2009 — PPL has requested that both flood levels be evaluated)

R | \21a 13
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Section 4 Stability Analysis Criteria

Phreatic conditions: The assumed embankment piezometric head is the highest value of the
measured phreatic surface for the normal loading condition and the head corresponding to
the 100-year tailwater at the toe. The approximate steady state seepage profile varies from
normal headwater upstream to the center of embankment at elevation 278.2 (for the 100 year
flood) and remains horizontal to the tailwater at the toe. For the 500 year flood, the phreatic
surface is assumed to be level at 288 feet throughout the embankment.

Analysis Method: Drained (EM 1110-2-1913 Table 6-1b, p. 6-5)

The rapid drawdown condition for the downstream slope of an embankment is an unusual
loading condition for which there are no established criteria. PPL has requested that the design
flood recurrence interval consider both the 100-year and 500-year floods. The flood condition is
likely transient enough that phreatic levels will not stabilize at the maximum tailwater level;
however, a transient analysis of phreatic surface conditions would likely be both complicated and
inaccurate, due to the lack of field data, variability of the embankment fill material, and the
required assumptions for duration of flood and variation of the flood level with time. It is noted
in EM 1110-2-1902 that a transient phreatic surface analysis is beyond the current state of the
art. Modeling the changes in phreatic surface as steady state is conservative, while having a
drawdown condition on the downstream slope, as opposed to the upstream slope where it is
normally performed, results in a more severe loading condition. The Factor of Safety is not

relevant to this condition, but this analysis is the first step in the rapid drawdown analysis.

Rapid Drawdown — These are the second and third stages of analysis.

Headwater: 288.0 feet (PADEP Dam Inspection Checklist, 2008)

Tailwater: 278.2 and 288.0 (100-year and 500-year flood tailwater elevation per PPL email
9/17/2009)

Toe elevation: 265.2 — base of slope after drawdown (Drawing E324218)

Normal river level: 252 +/- (from Drawing 158595)

Phreatic conditions: Assumed steady state associated to the final stage of drawdown, i.e.,

identical to the normal loading condition.
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Section 4 Stability Analysis Criteria

Analysis Method: Three-stage method (EM 1110-2-1913 Table 6-1b, p. 6-5) based on
minimum of undrained and drained strength along the critical failure surface.
Required Factor(s) of Safety:

1.1 (EM 1110-2-1902 Table 3-1, p. 3-2)

1.0 (EM 1110-2-1913-Table 6-1a, p. 6-4 — Consider as drawdown for conditions where

the flood level does not persist for a long period preceding drawdown.)

Earthquake

Headwater: 288.0 feet (PADEP Dam Inspection Checklist, 2008)

Tailwater: None

Maximum Peak Ground Acceleration (PGA): 0.105 g (corresponds to 2% probability of
exceedance in 50 years according to USGS 2002 data)

Analysis Method: A two-stage method using pseudostatic analysis and Newmark’s
cumulative displacement analysis. Using Blake’s screening analysis procedure (SP117A,
p. 30), a site seismicity factor of approximately 0.6 is estimated, assuming a Magnitude 7.0
earthquake, an epicentral distance of 20 km, and a threshold displacement of 5 cm. This
results in a seismic coefficient K¢y = 0.06g to be used in both the pseudostatic analysis and
in the displacement analysis.

Required Factor of Safety: 1.2 (based on PADEP Residual Waste Regulations) and a

cumulative displacement of less than 1.0 feet.

Strength Parameters

One suite of three isotropically consolidated undrained triaxial tests was performed on a
reconstituted sample of the embankment fill from Section 1-1, Boring B09-1, at a depth of 15 to
19 feet. The sample was compacted in the lab to a density of 95.4 to 98 percent of optimum, as
determined using the Standard Proctor test (ASTM D698) with a moisture content of 8.3 percent,

near the optimum of 8.1 percent. The degree of compaction and moisture content with respect to
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optimum is consistent with the original (1979) specifications and field test results; however, the
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Section 4 Stability Analysis Criteria

dry density of the tested samples was 123.5 to 126.9 pounds per cubic foot, which was

considerably higher than the field tests, and the moisture content was considerably lower.

The triaxial testing results determined that ¢’= 39.5 degrees, and ¢’ = 0. The three tests were in
close agreement with respect to a straight line plot of the effective stress envelope. This value of
¢’ is fairly high, and one suite of tests obviously will not capture the likely range of variations.
The Standard Penetration Test blow count “N” value that would correspond to a friction angle of
39.5 degrees is more than 40 blows per foot, which was observed in approximately half of the
SPTs. A lower friction angle of 37 degrees, based on an N value of 30 corresponding to the
lower range of measured N values, is considered reasonable. The consolidated undrained

strength parameters indicate zero cohesion and an undrained friction angle of 24 degrees.

To provide a check of the strength parameters, the friction angle of the embankment was back
calculated for the rapid drawdown condition that corresponded to the highest tailwater level in
the last 5 years when the slope sloughing was believed to have occurred. A tailwater elevation of
274.1 feet was reported on September 20, 2004. A target factor of safety of 1.0 was selected,
consistent with the fact that shallow slope failures did occur, but not over the entire embankment
and not at Sta 21+80. An effective friction angle of 37 degrees and cohesion of 0, and an
undrained cohesion of 0 and friction angle of 24 degrees resulted in a factor of safety of 1.01,
with a failure surface about 3 feet deep, consistent with field observations. Based on this
evaluation, a drained friction angle of 37 degrees and an undrained friction angle of 24 degrees

were adopted for the remainder of the analyses.

The foundation material is a combination of clay, silt, and sand. The SPT N values were
significantly lower in the foundation than in the embankment, and moisture contents were
higher. Although the embankment was likely constructed of material similar to the foundation, it
is likely that the embankment soils have been compacted to a higher in-situ density and are
closer to the optimum moisture content; therefore, the strength of the embankment will be higher
than the foundation. The unconfined compressive strength of the silt and clay foundation
material based on the N values, field torvane tests, and pocket penetrometer tests was estimated

at 4,000 psf. While the majority of the foundation soils encountered in the 2009 borings
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Section 4 Stability Analysis Criteria

consisted of stiff to very stiff silts and clays which may have cohesion, sand and gravel lenses
were encountered in each of the borings, and in the majority of the borings drilled prior to
construction. Due to the variability of the foundation soil materials and properties, and the
limited impact of foundation strength parameters on the critical drawdown analysis, more
detailed testing and strength parameter determination was not considered warranted for the
foundation soils. An effective friction angle, ¢’ of 30 degrees, and cohesion, ¢ = 0 psf was
assumed, based on correlations of effective friction angle and plasticity index. The sensitivity of

the normal operating slope stability analysis to cohesion is discussed below.

Material Properties

Table 4-1 below provides a summary of soil material properties used in the analysis. The
embankment stratigraphy, natural ground surface elevation, and geometry were determined

based on field measurements, existing drawings, and logged boring data.

TABLE 4-1

SUMMARY OF MATERIAL PROPERTIES USED IN ANALYSIS

Material Vmoist Vsat c' o' die=1 Yike=1
Types (peh) (peh (psf) | (degrees) | (psf) | (degrees)

Native Soil N/A 130 0 30.0 1,000 0

Clay Liner 130 130 0 30.0 1,000 0
Ash Fill (Storage) N/A 90 0 30.0 N/A N/A
Embankment Fill 125 135 0 37.0 0 28.7

Rapid Drawdown Material Properties

The required material properties for the rapid drawdown analysis was calculated from the above
drained and undrained strength parameters. In addition to the cohesion and friction angle used in
most stability analyses, the computer program UTEXAS4 uses the parameters dg., and yg. These
parameters describe the relation between the shear strength and effective consolidation stress on
the failure plane according to a linear relation, with two parameters: d (intercept) and v (slope
angle), for two states of isotropic consolidation - K. =1 developed from the Consolidated

Undrained (CU) triaxial test and conventional effective strength parameters, K, = K.
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Section 4 Stability Analysis Criteria

1. Fill material second stage: dke=1 = 0, Wke=1 = 28.7°, dge=xr = 0, Yxe=xs =37°
2. Natural soil / Clay liner second stage: dgc-; = 1,000 psf, yxe=1 = 0°, dke=kr =0,
Yie=kf = 30°

Note that UTEXAS4 selects the lower of the input undrained and drained strengths for each
section of the failure arc, in accordance with the recommended procedure. From the output, it is
not apparent which drainage condition governed, although it was determined that the undrained

failure condition provides the lowest factor of safety.

It was further assumed that the ash fill acts as a soil, and that the strength of the ash fill would
not influence the analysis of the downstream slope. The failure surface was limited to the top of

rock elevation.

Discussion of Rapid Drawdown Analysis

Flooding of the Susquehanna River can create a rapid drawdown condition on the downstream
slopes of the ash basin embankments, which is an unusual loading condition. Drawdown
analyses are typically conducted for the upstream face of the embankment in reservoirs, such as
pumped storage projects, where rapid, large magnitude fluctuations of reservoir level can occur.
For upstream analyses, the seepage gradient is the opposite of the normal direction of seepage, as
drainage is relieved at the upstream face. Upstream drawdown failures do not result in a breach
of the embankment, as the triggering mechanism is the withdrawal of water from the reservoir.
For rapid drawdown at the downstream face, the normal seepage and drawdown seepage
gradients act in the same direction, which is likely a more severe condition. There are no clear

criteria for this analysis.

For a slope failure related to rapid drawdown to occur, the embankment must be partially or
completely saturated at the higher level and must drain slower than the tailwater recedes. The
embankment saturation is a function of several factors. The steady state saturation level in the
east embankment appears to be high, at least as it appeared in spring 2008. Significant flooding
in the Susquehanna will likely occur in the spring when groundwater levels tend to be higher,
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Section 4 Stability Analysis Criteria

and will be accompanied by heavy rains, further raising the saturation level in the embankment.
The same is true for a tropical storm-related flood, which is the likely severe flood scenario.
However, the rising limb of the hydrograph is steep (approximately two days during Hurricane
Agnes), and the falling limb is somewhat shallower (4 days during Hurricane Agnes). Therefore,
it seems unlikely that significant saturation will occur that cannot drain. This was addressed in
part by back calculating strength parameters for conditions where shallow failures were observed
to occur, using the same methodology for the analysis of the higher level, but this method

becomes less applicable with deeper failure surfaces that would be slower to saturate.

USACE EM 1110-2-1902 discusses a detailed procedure to evaluate the strength parameters to
be used for the rapid drawdown analysis. This rationale is based in part on the assumption that
shear strength properties are governed by consolidation conditions, and in part on the assumption
that significant laboratory testing data would be available, allowing discrimination between rapid
and slow strength testing results. This embankment is relatively low, and we are assuming that
foundation soils are pre-consolidated due to past desiccation, while embankment soils are
pre-consolidated due to compactive effort. An analysis of the embankment susceptibility to
erosion from high flood flows was not conducted as part of this stability analysis. PPL reported
that a scour study was conducted in 2007 which concluded scour would not be a problem as a

result of low shoreline velocities.

As observed in the piezometer data, the piezometers at Sta 7+44 show the phreatic surface below
the bottom of the piezometers, while the ground surface is still wet. The majority of the borings
show sand layers in the foundation underlying the embankment. The continuity of this sand
layer and its effect on drainage is not known, but it is apparent that the effect is not uniform, as

evidenced by the differences between the two sections.
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Section 5
Analysis Results and Conclusions

5.1 Discussion

Slope stability analyses of Section 1-1 were conducted using limit equilibrium methods and the
properties shown in Table 4-1 for normal, surcharge, rapid drawdown, and seismic loading
conditions as described in Section 4.0. The slope stability software UTEXAS4 was utilized for
the analyses. EM 1110-2-1902 recommends that slope stability analyses be checked, either by
hand or using an independent slope stability program, with the work done by an independent
analyst. The factors of safety for each condition were independently verified by a second
engineer with the slope stability program, SLOPE/W. To check the accuracy of the developed
model and assumed parameters, the rapid drawdown associated with the highest flood of record,
having occurred in 2004, was analyzed first. Consistent with previous field observations of
shallow sloughs, the result exhibited a factor of safety less than 1.0 for a circular failure surface

of approximately 3-foot depth.

Typically, the minimum factor of safety will correspond to a shallow failure surface. While a
shallow failure will result in some slope movement and loss of vegetation, it is unlikely to result
in a breaching failure of the embankment and the loss of the reservoir. However, shallow
failures can be a recurring maintenance issue and concern to inspectors. The software used was

directed to identify both shallow and deep failure surfaces.

Analysis summary diagrams for each loading case are provided in Appendix E. Table 5-1 below
also summarizes the results of the analyses conducted for all loading cases to identify deep

failure surfaces.

A critical failure surface was defined as a failure surface that extended deep enough into the

embankment that it intersected the crest.

As shown in Table 5-1, the factor of safety against sliding is acceptable under the 10-year-flood
and earthquake loading conditions. Based on these results, it is unlikely that a significant slope

failure will occur for these conditions, although shallow failure surfaces without the potential to
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Section 5 Analysis Results and Conclusions

reach the embankment can be expected. Note that prompt repair of these slope failures is
necessary, as these areas are more vulnerable to future slope movement than the surrounding

slopes.

Rapid drawdown loading for both the 100-year flood and the 500-year flood levels was
determined to be the most critical loading condition. For both flood levels, the factor of safety is
less than what is required by the acceptance criteria discussed in Section 4.0. It is noted that the
failure surface for these flood levels is entirely within the embankment section; and therefore, the

foundation strength assumptions will not affect the results.

The factor of safety for the pseudostatic seismic analysis of 1.2 is acceptable. The calculated
yield acceleration necessary to initiate noticeable permanent crest displacement was calculated as
0.14g, which is considerably higher than the seismic coefficient of 0.06g determined to be
appropriate. Minimal deformation is anticipated, as expected for a low, well-compacted

embankment in a low to moderate seismic region.
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Section 5 Analysis Results and Conclusions

TABLE 5-1
SUMMARY OF STABILITY ANALYSES RESULTS
Factor of Required Factor of
. Safety equure Safety
Loading ; Minimum : o
29 Against Against Sensitivity Factors Notes
Condition D Factor of
eep Safety Shgllovx
Failure' Failure
Although sand and gravel
was encountered in most
Normal 1.41 15 N/A3 Foundation borings, a small amount of

material cohesion | cohesion effective for the
composite foundation could
exist.
Although sand and gravel
was encountered in most
3 Foundation borings, a small amount of
Surcharge 131 14 N/A material cohesion cohesgion effective for the
composite foundation could
exist.
Due to variable nature of fill
and results of lab test data,

10-year Flood 1.14 1.1 1.00 Embﬁnl;ment assumption of cohesion for
cohesion embankment material is not

reasonably conservative.
Assuming a lower phreatic
100-vear ET:S;E;?M surfac§ does not affect. the
Flo}(]) d 1.0 1.1 0.83 Initial embank’ment phreatic surface in the failure
phreatic surface zone during the flood

condition

500-year , The failure surface extends to
Flood 1.0 1.1 0.76 None upstream  edge of the

embankment crests.
, Increased seismic The yield acceleration is
Earthquake 1.2 1.2 N/A . higher than PGA for
coefficient

reasonable PGA values.
Factor of safety is the minimum for a failure surface passing through the embankment crest.
For very deep failure surface that encompasses entire width of crest; all other failure surfaces have FS < 1.0.
No surficial failure surfaces were identified for normal, surcharge and earthquake loading conditions, as the
slope surface was not modeled as saturated during these conditions.
Failure surface is approximately 3 feet deep. Shallower surfaces will have lower factors of safety.

5.2 Sensitivity Analysis

Sensitivity analyses were performed by varying the parameters shown in Table 5-1, as well as

the reservoir water levels. The results of the sensitivity analyses are discussed below.
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Section 5 Analysis Results and Conclusions

Normal and Surcharge Loading Conditions

Without altering the embankment fill strength parameters, a relatively small cohesion value of 45
psf was assumed for the foundation (native) soil material. The assumed foundation material

strength is summarized in Table 5-2 below.

TABLE 5-2
PROPERTIES USED IN FOUNDATION COHESION SENSITIVITY ANALYSIS
0 Ymoist Vsat C' ¢'
Materatiype (e | (ch | (psD | (degrees)
Foundation (Native) N/A 130 45 30.0

The stability analysis diagram is provided in Appendix E. Table 5-3 below presents the results

of this sensitivity analysis.

TABLE 5-3
RESULTS OF FOUNDATION COHESION SENSITIVITY ANALYSIS
Factor of Safety’ Factor of Safety’ Required
Loading Condition Without Cohesion With 45 psf Minimum Factor of
cohesion Safety
Normal 1.41 1.51 1.5
Surcharge 1.31 1.40 1.4

1 Factor of safety is for a failure surface passing through the downstream edge of the
embankment crest.

Although the sand lenses in the foundation indicate that reliance on significant cohesion is not
appropriate, the analysis does indicate that a very small amount of cohesion would increase the
factors of safety for the normal and surcharge conditions above the recommended minimums.
As noted above, foundation cohesion would not affect the rapid drawdown analysis, as the

critical failure surface is confined to the embankment.

Rapid Drawdown Loading Condition

The sensitivity of the embankment slope stability analysis for the 2004 flood (referred to as the
10-year flood) and the 500-year flood was assessed by changing the strength parameters of the

embankment fill, and by changing the upstream water levels. Cases with embankment strengths
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lower and higher than the base case were assumed. The assumed embankment strength for these

two cases is presented in Table 5-4 below. The stability analysis diagram is provided in

Appendix E.
TABLE 5-4
ASSUMED EMBANKMENT FILL STRENGTHS FOR SENSITIVITY ANALYSIS
Embankment Fill Ymoist Ysat c' ¢' ch=1 YKe=1
Strength (pcf) (pcf) (psf) (degrees) (psf) (degrees)
Low strength 125 135 0 34.0 0 27.0
Original strength 125 135 0 37.0 0 28.7
High strength 125 135 0 37.0 288 28.0

A summary of the calculated factors of safety resulting from altered embankment fill strength is

provided in Table 5-5 below.

TABLE 5-5

RESULTS OF EMBANKMENT FILL STRENGTH
ON RAPID DRAWDOWN ANALYSIS

Factor of Factor of Factor of Required
Loading Case, Safety' Safety' Safety' Minim(lllm Factor
Assumed Strength Base Case Low Strength High Strength
. 5 of Safety
Fill Fill

10 year flood 1.14 1.1 1.44 1.1
100 year flood 1.0 0.91 1.27 1.1
500 year flood <1.0 0.80 1.20 1.1

Factor of safety is for a failure surface passing through the downstream edge of the embankment crest.

Change in Embankment Phreatic Level

The embankment phreatic level in the analysis for flood (rapid drawdown) conditions is
influenced by the initial phreatic surface, the rate of rise and fall of the tailwater flood elevation,
and the permeability of the embankment material. Since the failure surface associated with the
100-year flood is shallow yet passes through the crest of the embankment, as shown in Appendix

E, an initial phreatic surface lower than what is assumed in the analysis will not effect the
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analyses or improve the factor of safety. A higher phreatic surface through the embankment was

analyzed to quantify its effects, and the corresponding stability analysis diagram is provided in
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Section 5 Analysis Results and Conclusions

Appendix E. It can be observed that the factor of safety is reduced from 1.0 to 0.91 with the
higher assumed phreatic surface. Reducing the reservoir level for the 500-year flood does not
impact the factor of safety, since the tailwater is close to the crest and almost the entire

embankment is assumed to be saturated.

53 Analysis Summary

For the normal and surcharge loading condition, the stability of the embankment was slightly
below recommended values, but is considered satisfactory. As noted in COE Manual EM 1110-
2-1902, “Acceptable values of factors of safety for existing dams may be less than those for
design of new dams, considering the benefits of being able to observe the actual performance of
the embankment over a period of time.” No significant seismic deformation is anticipated. For
the rapid drawdown condition, for a return period of as short as 100 years, the embankment does
not meet the required factor of safety of 1.1 for a failure surface that passes through the
embankment crest. Following a rapid drawdown failure, progressive slope failures may continue
for embankment sections below the phreatic surface that have lost support from the displaced
soil mass. The possibility that this could lead to a breach of the embankment cannot be
discounted. This condition is considerably more severe under 500-year flood drawdown

conditions.

There are several factors that lead to a recommendation that the embankment be remediated for
the drawdown condition. The calculated factor of safety using current recommended practice is
deficient, and there is evidence of shallow slope failures at several locations that resulted from a
nominal flood. The Susquehanna River has a very large basin with minimal regulation, so that
significant flooding can be expected in the future. The ash basin is essentially a permanent
structure, and it is likely that the moisture content of the ash and its ability to flow when
unconfined will not change in the foreseeable future. A breach of the ash basin and an
uncontrolled discharge of a large quantity of ash into the Susquehanna River would have major
ecological and economic impacts. Assuming a major failure does not occur, sloughing could be
expected during major flood events. Approximately 300 feet of the embankment has suffered

slides thus far, as a result of exposure to roughly 10-year-flood events. Significantly greater
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Section 5 Analysis Results and Conclusions

sloughing can be anticipated in the future unless steps are taken to prevent it. The factor of
safety for shallow slope failures drops from 1.00 for the 10-year flood to 0.83 for the 100-year
flood to 0.76 for the 500-year flood, indicating that significant damage can be expected, even if

the embankment does not fail.

Conversely, it is likely that the assumption of complete saturation without drainage is highly
conservative. Because these simplifications tend to be conservative, a relatively low factor of
safety is considered acceptable, with a value of between 1.1 and 1.3 recommended by the Corps
of Engineers for dams, and 1.0 considered acceptable for levees. The 1.1 factor of safety
corresponds to an embankment subject to drawdown from flood levels above the normal water
level, which corresponds most closely to this case. A transient analysis would be required to
model the likely degree of saturation, and this would require quantification of a number of
variables, including the permeability of the random fill, the impact of foundation sands which
underlie portions of the embankment, the method of closure of the ash basin, saturation resulting
from conditions precedent to the design flood, and the timing of the both the rising and falling
limbs of the design flood. There are plausible scenarios however, such as the back to back flood
events in 1955 which is the flood of record for much of the northeast, where saturation is
conceivable. As noted in EM 1110-2-1902, transient analyses are generally considered to be

beyond the current state of the art, but in this case could be warranted.

The sensitivity analyses indicated that a relatively small cohesion of 288 psf (2 psi) would
provide an adequate factor of safety for the 500-year flood condition. While the use of this
cohesion is not supported by the one triaxial test conducted, additional testing could justify the

use of cohesion at other sections.

Lowering the phreatic surface within the reservoir and embankment does not significantly affect
the results of the analyses for either the 100- or 500-year floods. This is seen in pages E20
through E23 of the sensitivity analysis. This is due in part to the analysis assumptions, and it is
likely that lowering the reservoir water level would improve actual drawdown stability, although

this could only be quantified by a transient analysis. Lowering of the reservoir level should be
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considered for significant river floods until the embankment is remediated or has been

determined to be adequate for drawdown by additional analyses.

The stability of the embankment slope of the polishing pond is anticipated to be essentially the
same as the rest of the embankment; however, a significantly deeper failure surface can be

tolerated without the potential for a release of ash.
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Section 6
Recommendations

We recommend that PPL improve the stability of the embankment for the rapid drawdown
condition, or that additional transient analyses be conducted to better define the drawdown

saturation assumptions.

We have identified the following stabilization alternatives:

m The most common means of stabilizing an embankment for drawdown is through the
construction of a free-draining stabilization berm or shell. A filter could also be
incorporated to address the unfiltered seepage observed at the site. The berm or shell would
likely be needed on the east, south, and west slopes, although this should be verified through
analysis of each of these areas. Construction of a berm or shell will entail significant cost.

m After the ash basin is closed, it may be possible to seal or cap the downstream slope to
prevent saturation during river flooding. The design and analysis of a capping system would
be complicated, as there needs to be a continuing provision for ash drainage, and portions of
the embankment foundation appear to be permeable sands that would be hydraulically
connected to tailwater. This option would need to be evaluated in more detail before its
viability can be confirmed.

m Lowering the reservoir alone, or in combination with a slurry cut-off wall, does not
significantly improve the stability with respect to steady state analyses, although it likely
would have a significant beneficial effect in a transient analysis. A slurry wall would create

the potential for a weakened plane that would need to be considered.

Until a final stabilization plan is implemented, PPL should consider the following:

m  Repair the existing sloughed areas;

m  Drawdown the reservoir if significant tailwater flooding is forecast. While this is not

expected to have a major effect, it may reduce the likelihood of progressive failure; and
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m  Continue periodically monitoring piezometers until annual trends can be established.
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HDR|DTA
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Adam N. Jones
Project Engineer
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APPENDIX A
PROJECT DRAWINGS

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=




aranet

SECTIoN (| @ ST, 7,\+<eo+/— o " . - | | S . s
Bo-2 o O D S

PI*6 ON
DrEEE
T I80°

e 61880
Irireiso

. 2 XN .
COCATIOrN: .
[E>rars ] :

PI*T 4SSN
56 €

POR ADDITIONS AND REVISIONS 70 THIS AREA
~= SEE DRAWING ES25704 SHT. & 2

; o
: R.' 300 O\
A 907000

", OO aAs
A R0I9.E N

COUNTERPOISE TO
BE RELQUATED

4300 nw
2402 38
(egz‘n .51

R 43r38.6TH
1204

LS groan
-r-;:ou‘yw

T» 45°CB 3"

IWW
EL. 28000

£54 PP TRENCH .
SEE ENLARGED FLAN DriG. £:{78082

P 4204SN
4R1L63

ASH _BABIN *5

FLI4 P3SN
. AT w

o
#3094
I 0w T
A
FLOATING ASHUINE KHCHOR LOCATION PLAN ‘Q%
- raze 160" STATIONS nsvu.) AND WRST(W) DiKES Fem A
H —su)xem& : HOR LOCATION z
: - . ANGHURS YO BE LOCATED JUST INGIDE GUARD +
: 3 s g RARL. EAST OiKe &
i = "'f"ﬁzrfi‘ o MICHOR LOCATION APPROXIMATE - 10 BE FIELD K
X . 3 LOCAYED AWAY FROM GUARD RAIL POSTSE, GXTE
B L INvERY £1.27. 5- POSTS, SUBSURFACE CABLED,ASD CLVERTS. *

9= BEves (B ANCHORS EAST DixE

i R RY.42045N .
; 427605 R 13egizow "‘ ‘5" ! TP OF GRADE €= TWO {1) ANCHORA WESYT DiKE .
H 144 23w o 1-5008
! B 2930.0 BT 4xeisN Rv 51383 BLy GF MATERIALG FOR NINE (%) ANCIORS
T mesty Jese Te 473636 % B YAdDE 560 Pei coulReTE
o THUOON — OovAL -
B (rﬁtu&u\:'x“o"s‘%ﬂ%“ ) (pPeL & cxv.=losmay

Re 242,417

Pr,qsu:s.c: ; 1o Ao ’
n‘us- ) H
.(u GRADY) H .
i . i §
i
i PI'Z aunN i
: : isyow ‘
i PIoi sdisney e AT B AUGERED HOLE
i 1 ome .
H Re 237 04"
N T 107 O~
i
H -
i - ' FCR NOTES f REFERENCES SEE SWEET WO THIS OWG. *
Moo :
i .
. i ' . - : . ER-101351
. ; . DETALL. . B N
: e TIE ANEHOZ FOUNDATION . e BRUNNER ISLANO $5.5. |
H ol . (VR CAL) SOCET0, ASH BASIN NO.6 AND POLISHING FOND
¢ B ROATING ASH LINE : CATTETE PLAN f- £ECTIONS ]
: 2 : T 3 SRR - SVD :
AP AN eavgot s s i vy T i
1 1 - 1 D] | ISR YN FOWER 7 LichT Compay !
& U AR e NOKE TRCARY & PRSEICE AT E) m A - E{‘E, S o 2 bweexeo- AULERTOWN PA. s Tor 5
i B AR 'M"“'N—"m'a?m"""N‘o‘m'—"—-;.‘.ucm"‘&s !C"(WA s £y Wlﬂ s 7 hM!ﬁ*“S vaww.g .
h - - . = - e RS S S - .
s — REFERERCE TITLE T HJVEER  REFERENCE FLE : = S REmRT Awan- %‘\f J E158595- ¢,
’ : B B tiwnasons -

| ’ PPL/BRONNER. SLAND

_ GEOTECHNICAL EXQLORATION
B e B ‘ TR . T BOQ(NC) PL%N (RC\“SCD)
- : : » o : 5{7%/09




FOLD MARK ’ 7

Pipe Spillwoay

1!

Exist. Grode

Excovate Ditch #

Rip-Rap Below Pipe
To Water Line
(By Field)

5-0.0156  24"3 CMP

favert El. 257.0°

Oetoil M P
{ .\%‘M
El. 2570 i
4

To Exceed 9 At Top
Of Pipe

2500 PS| Concrete

By Field

CLASS "A" BEDDING

By F\zuav..f_

CL

| 1 | I 1 h
1 1 2 I 1 L4 1 5 | - 6 1 7 1 | 8 | 9 | 10
—— 72" % Corrugated Metal
! Pipe(Holf RoUNd) 12 Ga.
N v Pl 48'$ RCP Galvonijed §Bituminous FOR GHANGES TO THIS AREA SEE
i /4" Plate g Cooted Paved Invert DRAWING E324375 SHT.1&2 \ EXpansion Type Anchor Bolts 58" x4 12}
3 Coot With < <& Dike See Detoul “X” I Each Side At Eoch Anchor
00 " Q g = &" PennDot "2 A Crushed Aggregact: 2d +ed "
S % itu B No.& Dischar, \ 7.8 7.8 ggregate 72"$ Corrugate
& " ’/Bnh,mashc asin No.& 2e }
g i Structure See Dwg. E-17807& \ . 7 Metal Pipe
A vZ £z 2er ; Bolt Edge Angle To Pipe rustore See bwa =1 . (Folf Rouhd)
Xin @ 92 ANg P _—Cut OFF Collars
&t S ' 5/8" x13/4* Bolts At About Sut SFF S AT SIT
1y oh 12" Centers. E. 220.0' 25, . Anchors T Be Instolled
he S & f = <5 . 3000 PSI After Bockfill Hos Been
S 2 £l 27 N 4LG. ‘ El.28o.7 Concrete — Placed Around Pipe
3 = 24 . e M . .
2 ! L 2 =21 In-li Static Mixer Pit & -
G E—E SECTION "X-X SECTION “Y-Y* el zeccr — | Dis:‘:w_g: Sty - Bee . Re-excavate As Necessary
9 8‘" NT5) sy . i H w0002 28w Ree ( Dwg. E-178075 , = DETAIL 'K
| 251 5" " ER £1.270.75" ) IS £.28L0 (TYPICAL PIPE ANCHOR)
— | - | 39't | 20 &"-2A Stone ~NT5)
[ 1 !’ 5@'2(:;’ \mperzmus Moterial (TYR]
, | 1 ee Section “E-E“ Class A" Bedding
EI.290.0 H 25 | 3 ~ I 22"
60"% 60" x 48" RCP Tee | e ! Pipeanchors Spaced At
FoUD MARK = 25" Centers ToPBQoH‘bm Of
. L —Exist Grade Slope See Detail “K* Sclect Impervious Material
°L Invert E. 280,0 |57 0.005 SN 4EPRCPClass Y ~~L 7Y Sce Section‘E-&
E1,2710° | L= ¢'Min.Tee Embedment N ] y . "
B e Y_ﬁﬁ:ﬂ” | > Inver® E'-“‘“%{ SECTION “F-F" 2 ¢
S ' 59, X SCALE I":30 S
§ 4 Bars At 12/ Both Woys ~ | ¢ ¢ ;‘kg 3
7
l» Class " 2" Bedding h__l J |——é"("'y|>) 122 DETAIL “X”
Guardrail - See Dwg. E-17808S5 (TYPICAI_ SECTION THROUGH DITCH)
SECTION "A-A* &" PennDot *2A Crushed, Aggregate TS
(SCALE 1=107) Select Impervious Material 3 / E1.290.0'(Top ©F Road. Surface) oIS ‘AREA SEE DRAWNG E524574
— 2 Varies
Polishing Pond Outlet Compocted 1 y
Works “see D»I58|557\| E1.278 Random' Material For Headwall Defails
= I . ¢ D-15818
' = Stripping As <
El Q' ist, Grossed Sides
ElL268.0 g4 E’“sf Grode - R“W“’"‘P Excovate Ditch To River dBottom —
Exist. Grode~y 28 20| 7 0.0275 FT/FT
—wwL 7 — _,,,&H}r;—_'—__—:{_‘_—_— T _ ) s
£l 27 ) SECTION " P-P
[ Clnvert £1.253.02% = ot OFF Col == (INTERCEPTOR CHANNEL)
. l
Assumed’ Rock Line 48°% RCP Tongue # Groove] | Seq Dorail *n 7 Rock verd El2520 ~Ts)
oo wak Pipe Spillway ! Culvert Pipe (Class )
) 5
Detoil "M Exist. Grode Excavate Dwf_c\-z ¢ ' )
.2 Rip-Rop Below Pipe . Class "A" Bedding Class “B* Bedding
W\ﬁ To Woder Line |_ n A—
h ! i , (By Field) 3ot 205°A,
£1. 2540 55,0175 24" % cvip ~~——— [
4 0 ———
Invert EI.254.0 et B1.253.0 % SECTION 'G-G*
— T (3cALE 20) Dumped RipRap
18"
i
20’ | 80’z Slope Of Ditch
T T 1 0.0275 FT/FT,
varies =8 1
D Sedimentation Basin=! |
S_E(%E—L%i“ Compacted Backfill N € 48'0 Pipe 9
3 (‘15/e51‘on\dnrd Proctor) | 48 Pipe Compacted Backfill —|— Compacted Gronular
4 | L Trench Width Not (9590 Standard Proctor) Moterial (95% Standord Proctor)

SECTION "F-H"
(DISCHARGE CHANNEL)
(NTS)

ASS "B BEDDING

E T — T b1t 1 (scaLE va'=1) (SCALE va"=17)
Vories _|
I Sedimentotion Bosin<2 o
SECTION"C-C"
( )
V2" Premoulded .
— € St 42+65 o [~Joint Filler NOTES:
For specifications, 3ee specificotion PPC-1333," Earthwork”
& Of Exist. Dike (Bosin®5) & Of Dike (Basin®é) i ’
Ston. 42475 N 7 ’_51'cx 4245T.5N All coordinates are based on North-South ond East-west
st N base ‘lines of plant. ‘
5 “v__‘___' I a
, |—<‘——-“—- ‘ . . ey Entire outside slope of embonkment and inside slopes obove
£1.290.0 Select Impervious Material Projection l;o/: I levation 21407 (A Basin *6 and above Sevotion 268.0' in
rouw e Ash Bosin 5 | 2.5 Embedment 1207, polishing pond shall be Topsoiled and seeded as per spec’s.
| F Water EI.275.4°(12-22-76) Anti-Vortex Plote Interceptor channels by field except as noted. .l
3 — g Class "A" Beddin, 16" H. X 20" Vi
; (‘:‘;‘Jrqy:c\‘cﬁ-ed Random ,A,_Eﬁsi Er:i _______ - — DETA g . 3 LEELH. X BOTW x g Topography obtained by photogrammetric methods using
2 ateriol L%"PP”" Ao 4 L "N l_ —‘ oerid| phofography dofed Defember 22,1976. .
: ReqUire £1-2510" O Rosk (Nhichever CUT OFF COLLAR 3 3 Al inside siopes of ©asin =6 and polishing pond shail be lined |1
H s Encountered First) . . with o 10 £+ wide blanke+ of impervious material extending 2
& Trash Bars >0 Fo rock.
5 Cutoff To Extend To 4
3 Rock Inall Cases 2 - 10-F4 Bars A+ 30°
21— == l'l il BE Weld To Pipe  Plate
) Rock Hr Stondard Tee SECTION"J-J" ESTIMATED QUANTITIES
» 2 (Typ) ’ 30" X307 x24" - E 1Tl
. ‘BECTION "D-D* L A Ties At L 30"¢ Riser To Be | : ~NT8)
= ~(SCALE 17201 =4 Bars Perforoted With  + Clearing and Grubbing — 69 Acres
3 -] VVar & Sk d— 3 9 5}
3 ; ! r ey — b 29 cue :
q Holes Spaced B 3 ipping T il (1.0 — 111,000 Cu. Yd
By BREE V”hm”‘jt‘ a ¥ . Stripping Topsoil (1.0%) 1,0 5
s Horijentally o] 7 Common Excavation = 1,829,000 Cu.Yd's
° & of Dike . . ? w i — Invert El. 254.0' Sed. Basin® | o K ?
2| G | SECTION "R-R Baz#om of Emsirisq‘ T fl e Invert EI. 257.0" Sed. Basin®2 Random Fill — 566,000 Cu.Yd’s
'.'. " Sed. Bosin®| EJ.254,0. T
o 1575’ . (Ts) Sed. Basin"2 EI.257.0° o " #4 Bars At 12"Eoch Way Impervious Fill - 115000 Cu.Yd's
P o' Clay Liner To End At EIL.Z87.5 The ©
B Entire Way Arcund The Basin *ZA Crushed. Aggregate - |, 550 Cu. Yd's R
i.' . = —5Select Impervious Moterial Guardrail = 8300 Lineal Fest
é DETAIL "M"
& ) SEDIMENTATION BASIN PIPE SPILLWAY
g E Exist, Grade Ccmfo_ﬁid ic\:d_or_rjo:i‘o_l ey —— EE}“S_* Grode - (SCALE 3/8"=1)
® i = £1.25)d or Rock(Whichever
£ Stripping As Is Encountered First)
2 Require: Cutoff To Extend
3 A To Rock In Al Cases >~
o 10" |
(\ =T Rock
ul ER- 10235 | i
SECTION "E-E" ER- BRUNNER ISLAND S.ES.
it BCALE 17207 [SCALE \Boeg| ASH BASIN NO.6 AND POLISHING POND
DATEI-23-18 PLAN ¢ SECTIONS
H ASH STOR AS P4 f 5 - P DRAWN-EMB .
H T AGE ARE 5 - PLAN LF- 15333 =T
g ASH BASIN®& £ POLISHING POND - OUTLET WORKS fHEADWALL | D~ (58185 Sl LR RN i it i PO e FESE T T A il S [N (YRS el 4] checkep.pcs| PENNSYLVANIA POWER & LIGHT COMPANY. |
S g — : \ |4/¢/77 02713 [REVISED DETAIL “K"AND ADDED DETAIL Y ] Pk [aeM 1§ ALLENTOWN, PA. rT-’O_FT
g ASH DASIN'T- PLAN ¥ SECTIONS £-157640 GNT1/2570 ADDED_REFERENCE NOTE 10 SECTION G—G o™ Gor ADDED SUARD RAIL & AGGREGATE QUANTITIESZ DET %) LEADER- RCS — =l . PA. [SHEET 2
Har ASH BASIN"G- LOCATION & LOG oF CORE DRILL HOLES D- 129687 BILL OF MATERIAL A-159148 |3 [r1/20/09] ADDED NOTE T0 SECTION F=F oM GoH REVISED SECT.'F-F"d CLAY In SECT'DDE-R]d Ye-a APPRD- /) ’ e El158595-4
REFERENCE TITLE £
El NUMBERI REFERENCE TITLE NUMBER _[NOJ DATE | ER. REVISION BY | CH. REVISION BY | CH. APPROVED APPRD- 9f RESPONSIBEE ENGINEER
2 1 T T
i 1 elz] AlslR] [B8iAlsfEIN] IN REEEAN @] ers B
RACTIONAL SCALE DECIMAL SCAI i H : SESCRTITON Sor = } ° ?




LTTTTTT T T T T T T TS

. 1 I ia .
1 : 2 | B s | 4 | 2 ) v | 6 | B 7 : 8 | i ° 10
: ’ 270 270
\\\4 S USQUEHANNA R VER B
" \ AN BTN 7 s JEEEE] Topsail -
7 e TLATHOLOGEY . y T DOCIMENTED [ .
T Ry, LT e — _N Y = — — . E 2 L LITHOLOGY ~ —_— w Gr.E). 262.3 - ,_L:"J
NETIS N et Y —_ 260 261.3 Topsoil Si 260
R \ \,— —_——— w ¢l GWL-2593- L GWL-260.2. . .. _GrEL258.8 . 260
A 240 255, ) Z w Reddish brown silty clay 2574 2582 [EXEE Topsoil
__ TH_ < X . i i )
EﬂﬂL 75— = ~ ) Z 2850 ar|own gn&wﬁh gravel Silty sand with gravel  Sint wé,mf%s‘;‘, Z
— N — arge boulders
— e 132 : “ / - 250 7507 e of rock 250.4 Top. of rock 2515 250
e - —— S LAy - o Conglomeritic sandstone Red shale Brown sand with gravel Z
— . 5 BREE UNE ! \ R e RN
o6 0+60 & 7 ________:—/_K— S Sl ’: 245.3 9 245.4 HEE 2438 Sand & gravel with silt 9
= a —_— @ 20400 ' < R=1007 R=100% 34'2.9 Sandstone boulder |
g / 2418 i of rocl
\/ o] u>J 240 fraswme Red, s0ft, s€amy Shate: - 240 ;
i == : \ RN B 3 ) 2368 w
~ -ﬁn \ \ g "5 2 w R=100% El_l
*, ; -
Z zos\_/0 ° & Z QO__ . . L o o o I R . 230
72 o2 - HOLE NO. eri® 27400 10 I
77 23, : - — NORT NORTH 27+00 NORTH 27+00 '
lrm_ N = % \é‘& N \ , ) LOCATION " \wesT 0+00 WEST 5400 WEST 12+00
° / 2 1 n N
SH \ #14 All ground elevations are original ground elevations.
A l{ PROPOSED o 2040 N 'l’heq round water elevations were determined during the period from February 25,1975 to March 17,1975.
B SHEE ASH BASIN #6 , 3 gmner
ASIN 7 > Pr. A R= Percent of core recovered from last 5'of rock.
#5 - = /_/ A @ GWL = Ground Water Level
5 ZaD sosen N ) Drill holes are shown as &
9,,,,°ﬁ.,@555#9~‘;:,‘ wr N NS Gr.El. = Elevations in feet of the top of the bore hole.
S ’
<
- % ~DOCSMENTED
— LiTHoLoav
/ ®n .
¥ ' DOCUMENTED emo
A :
c o =) (ITTH’ LOGY. GrEl. 2656 -
; Gr.El. 264.7 GrEl 264.8
> | and 4.0 ERER Topsoil o aitt i Topsoil IXE Topsoil w
i 263.) rown sandy 8t 2637 Brown sandy silt (GrEl. 261.7 GrEl. 2014 waS B GWL-2033 w
w 260 Brown silty sand with 261.2 260.7 EREE Topsoil 260.4 [IKEE] Topsoll Brown silty clay with a few 260 w
w some gravel Silt with cla GWL-259.0 GWL-258.8 i rock fragments
® % 2571 GWL-258.9 2570 GWL-289.0 . 2568
Z | Medium sand & gravel sﬁ:gfjnf“;rixrh Clayey silt Sii¥ with clay Brown coarse sand with Z
— 252.6 7 a 2527 Red, s0ft cl hal gravel alarge boulders
o z 250 2510 Dt~ e OUIAErS pop o oy 2512 ies e 25006 Top of rock 250 Top of rock 250
DOCOMENTED o o | ;g‘:":g?:: ds‘::r‘\g;one £ Very hard,conglomeritic sandstone A conglomeritic sandstone 249.1 4
o LiTdoLoaN = 2460 9 2462 o 9 ¢ sandston Medium sand with gravel Sandstone o
P : R=100% 244.7 22100% 244.) Top of rock |
is \ S 240 kish#l Conglomeritic shale 2428 R=100% 240 g
- pey
; ‘;uJ 2388 0 1 007 w
5 -
3 w CORE BORINGS
";6 D BORING LOCATION PLAN VERTICAL SCALE: 1"=10' w
% SCALE: 12200’ 230 280
3 < KEY HOLE NO. 12 13 \4 \5 0
< =GEOLoay KEX LocaTion NORTH 21400 NORTH 21+00 NORTH 21+00 NORTH 17+00 NORTH 35+00
g RN NEW. OXFORD FORMATION. WEST 1+00 WEST 5+00 WEST 9+00 WEST 5+00 WEST 0+00
w —
£ “RAC NEW OKPORD CONGLOMERATE
E :
3 BFl LIMESTONE FANGLOMERATE
w
< b oNITE CREEK 4 BOFFALO. SPRINGS FERMAT IONS, LINDW. 1199 bR Toneal . 80
N €1 LEDGER FoRMATION -
™ . Brown sandy silt with afew
é = : Sand with small grave! @ - DENOTES T :“MENTED:E'[TAQLC &Y rock fragments (moist) v LEGEND
E w : 9 Q:':bﬁﬂoresaﬂsrm;: LITHOLO &Y Gr.Bl. 271 w LEGEND
& w210 208 L T (CASEQONBORINGLO®) 7704 [EEER Topsil ! I O 20w
| = - Gr.E\. 267.2
< GrEl. 265.5 ek i o ‘i:f%ék‘éé&?? AFF Topsoil
9 4 Fine sand with gravel s Topsoil 9 0.2 A SILT SHALE
|z < and some sitt : GWL-204.5 248 B T L2028 GrEl. 262.3 2641 Er grown sand with gravel GWL-264.1 R ot with cla GrEL. 261.5 - '
4 E - 260 .| Sand with medium gravel B <iit with clay 02 261.» [ERRE Topsoil 201 Boulder Brg:/\?d:ond with gravel GW zeg.s 2605 Topsail 260 T
[=] A + - T : h . T e ST "G‘w‘_-zsgz —GWL=2592" - —8e-DOLY rs ) T . T e - . 2 5 4 v‘:‘“
] (@] d with \ 2 g GWL-258.5 AND "1, CONGLOMERATE
] % ’: Brown sand with grave 266.2 i Silt with clay : Coa‘;'se sand w‘i'\'h Silt with clay _O_ A
Brown,coarse sand with Coarse sand & large gravel . i| medium grave! T
2 < 2519 large gravel g el pe s Top of rock 252.5 Top of rock Brown sand with gravel i 2523 2 GRAVEL % SANDSTONE
> 250 Gray s I 007 TP O TOC% o iard, red-shote ne sandy Silf with _ j Sop—Top of rock . 250y /
w 2498 Hard bro o eriic Soft Fed shale rdire orme cloy Hard sandstone and & smalt gravet- A
: 3 é Sandstane 2T ks 2465 wimd | = P 246.0 Top of rock ‘ Very soft,red shale = e Top of rock Y
s w 24484 o L\ 0a, R*100% R=100% Frea Soft, red shale 243‘ Soft sandstone - R=100% R»100% Red shale with sandstone seams w CLAY n‘n TOPSOIL
z .1
3 240 [ S S 1L Wordsondstore o T Reeon 240 .
: N 238, Z/AR_QO% | BouLDER
3
3
o 230
; HOLE NO. 7 2 LT 4 s o A - VBAk B |- ) - BR U N N E R I 5 LAN D S E s
F LOCATION NORTH 40+00 NORTH 40+00 NORTH 40+00 NORTH 40+00 _NORTH 32+00 NORTH 32+00 MORTH 32+00 NORTH 32+00 SRUO238), ] s
WEST 1+00 WEST 6+00 WEST 12+00 WEST 17+00 WEST 1+50 WEST 5+50 WEST 10+00 WEST 15+00 _B_MTE;S ASH STORAGE BASIN #6
7-3-1 LOCATION AND LOG OF CORE DRILL HOLES
| § BRUNNER ISLAND ASH STORAGE AREAS #4 & *5 LF-75333 L \ DRAWN-M.HQ(.:% EAST MANCHESTER TWP, YORK. CO.,PA.
;! BRUNNER ISLAND TOPOGRAPHY & CONTOURS LG-40A37 - &”A&Kmmmw PENNSYLVANIA POWER & LIGHT COMPANY
xg % : . e e men . APPR'D. -MSG ALLENTOWN, PA. liﬂﬁ&_‘[__l_
it | - ) ‘ [ 2 9|07 \AEADOED SECT A-A ¥ B-B (WARKS).SHT 7, E XS COMENTED GEQLOGY T 1 {amp. g | APPOVED 2@ %
’ — P =B (aRK o ExIST 4 DOCLK : ad > | JApeRD. & K P - -
- . REFERBNCE TITLE NUMBER | : REFERENCE TITLE *NO[DATE] ER. _REVISION : ad SPONSOR ENGIN D-129687-
k ry.'”xlxrll J-PH'T"' |1»||l||[*||v|!r|||lllll[llll§ i ‘ i e I I o I T 0 W W e e o o 1 = o N ! 2
. 1AMATIAM A 1 NEONDIOT NG -




|

TOP OF DIKE EL. 290’ BASIN H6
[ hm——m——————_fePROXesHELEVATION ] M ’f \
[N
RETIRED AasH | | TR /B
L. 280" BASIN #5 [ I \\ /I \
. GR. EL. 280.5° GR. EL. 280.6°
/ \ u | \ ~ /l |
I’ \\ e s 2 VERY FINE. SILTY SPND 076, 8 \\\:7—: ToPsoIL | \ \\ / | \
. " . N ‘ N
! \ - :\\\, BROWN SANDY SILT WITH A FEW / | ~N / / !
. O\ ROCK FRAGMENTS (MOIST) \ ~ | \
\ . SAND WITH SMALL GRAVEL SO, | N / | |
EL. 270" N - ~
| 2705 g 270 S \ ~ ! ,' +
\ . ses. 4O EL. 267.4° AN / | \
_ . TOPSOIL
\\ \ o 7 X ses. 7 GE\ EL. 264.7° /] | POLISHING POND
e oHees GWL-264. 1 C. . TOPSOIL
EL. 260" \ 10 /j/i - ST \f\gkmm SANDY SILT /GR. lEL. 261. 4° !
. \ [ ,, SAND WITH MEDIUM GRAVEL L7 2 [T %-ew-260.2 . 260. 4 |~ Topsore |
'\ . BROLIE/SRND ‘e - GWL-260. 2 GWL-258. 8 |
- [ .. oRAVEL & 257. 4 a , SILT w/eLay \
\ - N BOULDERS [, SILTY SAND I COARSE SAND 3 \
\ —2s 2 - W/GRAVEL [ '° W/MEDIUM GRAVEL SILT W/CLAY \
, — — . 252.7 T i RED, SOFT °
EL. 250 &5-17: _: TOR-OF-ROCK— — — 256 L:——EELOF__JS.D_ = e o5 posk— — — 26+ = CLAYEY suﬁ_@ \
T ,, HARD e '_ 249.1
., SOFT RED SrLE 248. 1 = R psTone [, RED SHALE C e o ouerTTIC 1« MEDIUM SAND
246.5 [ * VERY SOFT, o 246.2 e SANDSTONE - W/ GRAVEL
245.8 YERYenare 245. 4 . .
R=100% R=100% 244, 1 — TOP OF ROCK
. R=100% g .
EL. 240 R=100% |—20 CONGLOMERITIC SHALE
238.8 —
R=100%
EL. 230°
NO. 2 NO. 6 NO. 10 NO. 13 NO. 15
NORTH 40+00 NORTH 32+00 NORTH 27+00 NORTH 21+00 NORTH 17+00
WEST 6+00 WEST 5+50 WEST 5+00 WEST 5+00 WEST 5+00
SCALE :
HORIZONTAL 1”=200"
VERTICAL 17=10" 4 P <
% 7 XA
7 7 5 \
GRAVEL SAND RS SAND/GRAVEL
BASIN 16 B
TOP OF DIKE EL. 290° / / o
- 7 7] XXX
[\ _APPROX ASH ELEVATION N
fyr4——— """ "7/ "7/ /"/"7/V"7/V"7/ 7/ 7/ 7/ /0 0000 1)
N
[ \\ / | \ \
. SILT W/CLAY TOP: ONGLOMERATE SILTY SAND
EL. 280 ‘l \ oR. EL. 280.6 | \\ SILT w/cLay TOPSOIL N\
N\
’ \ \\\\'_2 TOPSOIL ’ \ N &
| \ 276. 8P N M [
NN BROWN SANDY SILT WITH A FEW
| | NN ROCK FRAGMENTS (MOTST) | \ V <
EL. 270° | |\ GR. EL. 280.6° DNt | \ / N
: h |270. 4 pmmm_ Torson 270-5 - | | BOULDERS SILT SANDSTONE SO senDy sILT
T N —=2 BROWN SANDY SILT r s ! SN
L AN S S S Lo 2 NN
\ WOOET et \\\\k " 266.2 ToPson |
NN r
64.1 —1° GWL-264. | SILT w/cLay |
EL. 260" 63,1 Y Avehg . ouL-262.5 GR. EL. 261.5° X —
: el S == 26&‘ & et ‘\ SAND W/ SHALE W SANDSTONE
| [ o292 F e 259.7 i ou-258.5 x ORAVEL & ShNDSTONE W/ SHALE
\ - [ % BROWN SAND WITH | N . BOULDERS =HNUS 1UNE
\ \__:: |2 GRAVEL & BOULDERS comsE SenD | © ST weLay &\ E—
| E " o oo — - C W/MEDIUM GRAVEL —
s 1® " /GRAVEL o g TOP OF ROCK j
EL. 250 (. T e b e — 25+ e o e 2p2:3
= . o481 — HRD e 249.7 e — - : SAND & SMALL GRAVEL M
246. 0 — 245. 6  VERY SOFT.  246.7 e e eams 2472 TOP OF ROCK
% soFT ) > OF RED SHALE "* RED SHALE W/SANDSTONE SEAMS
- R=100% o
243. 1 SANDSTONE R=100% h
EL. 240’ T 242.2
| *° HORD SANDSTONE
=
238.1 R=100%
R=90%
EL. 230’
NO. 5 NO. & NO. 7 NO. 8
NORTH 32+00 NORTH 32+00 NORTH 32+00 NORTH 32+00
WEST 1450 WEST 5+50 WEST 10+00 WEST 15+00
. 102146 BRUNNER ISLAND S.E.S.
SCALE © AS SHOWN
HORIZONTAL 1”=200" JTE ASH BASIN NO. 6
VERTICAL 17=10
\/ LOG OF CORE DRILLING HOLES
/X\ SECTIONS A-A AND B-B
—_—

o AR
. D129687’.




APPENDIX B
SITE PHOTOS
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Photo 1 — Wet area at toe of the East Embankment, looking north from Sta 0+30. (2009
annual inspection)
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Photo 3 — Sloe slogh near the noh end of the West Embannt.

Photo 4 — Avancement of Borehole B09-1 at ta 21+80 using truck-ouned drill rig.
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Photo 5 — Two piezometers installed at Borehole B09-3 with different screen intervals.
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Photo 6 — View of typical trench dug for installati

!

drain pipe from piezometer cover.
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Photo 7 — Crest bormg and plezometer cover marked to aV01d dlsturbance during later work
at the site. Note the removal of the guardrail cable for downslope access.
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Photo 8 — Typlcal placement of sk1d mounted >dr111 rig at downslope borings.
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Photo 10 — Marked piezometr standpipe cover at completed Borehole B09-2.
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Phot 11 —Werdu surface condiﬁons ‘dilring drillin
evident after digging of bench area.
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Photo 12 — Split-spoon sample taken near top of natural soil in Boring B09-3, consisting of
very stiff silty clay.
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Photo 13 — Split-spoon sample of foundation soil from Boring B09-3, consisting of dense
silty sand with gravel.
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Photo 14 — Split-spoon sample of embankment fill material from Boring B09-1, consisting
of gravelly silt with fine to coarse sand.



APPENDIX C
CROSS-SECTIONS, BORING LOGS,
& PIEZOMETER DETAILS
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LOG OF BORING WITHOUT CASING BLOWS BRUNNERISLAND_200906.GPJ DTA.GDT 8/7/09

Project : Brunner Island Ash Basin #6

Geotechnical Exploration

Boring:

Sheet:

B09-1

10f2

(Continued)

/N ) ) Location: Sta. 21+80 - Crest
Project Location: York Haven, PA . .
Coordinates: ,
Client: PPL Ground Surface Elevation: + 290 ft. MSL
Allentown, PA Project Number: 106864 Datum:
Boring Contractor: CGC Geoservices Water Level Observations
Boring Foreman: Dan Bowles Date Time |Casing (ft) Water (ft) | Caved (ft)
Drilling Method: 4-1/4" HSA/SPT Completion (Borehole) 6/10/09 | 4:50 pm | 43.3 394
Core Barrel: N/A Completion (Piezometer) 6/11/09 | 1:00 pm 12.6
Drilling Equipment: Acker Soilmax 24 to 72 Hours 6/12/09 | 9:00 am 11.8
Boring Logged By: BRR Extended Reading 6/15/09 | 7:30 am 12.3
Dates Started: 6/10/09  Finished: 6/10/09 Extended Reading 6/18/09 | 7-45 am 125
Sampling
Degth Material Description PL mc LL Laboratory
. S I Rec. Lithology I Tests & Well
El(eF\iea;'t‘)’“ Type| Name | Data [(ing Classification M- Comments
AGGREGATE BASE COURSE (6 inch) : Silty Soil classifications based
. 1-8S W1+19+17+24 20" Sand, fine to coarse, contains gravel pon VisualManual
= FILL : Gravelly Silt with Sand, hard, brown, accordancegwnh
contains zones of silty clay (Qp = 4.5+ tsf) ASTM D 2488
| 2.55 bo+s+16+28 19" | FILL: Silty Clay, hard, brown, contains trace
= sand and gravel
Obtained bulk sample #1
2855.0_ 3-8S [12+21+17+12 18" FILL : Silty Sand with Gravel, dense, brown (Af;grrgﬁudg;;tﬁ??vn_gfo-)
FILL : Gravelly Silt with fine to coarse Sand,
- 4 -SS B2+42+38+3¢ 20" | hard, brown, contains trace clay and zones of
= silty clay (Qp = 4.0-4.5+ tsf)
5-8S | 45+50/3" | 8" |Continued:
10
280.0 FILL : Gravelly Silt with fine to coarse Sand,
- 6-SS [9+23+27+15] 19" |hard, brown, contains trace clay
N=50 Y|
FILL : Silty Clay with Gravel and Sand, hard,
- 7 -SS pr+16+31+23 18" |brown, contains zones of gravelly silt (Qp = 4.5+
N=47 tsf)
27155 0 Obtained bulk sample #2 u
. Continued: very stiff, contains zones of gravelly A )
B 8-SS 14+11_+110+1 17" |silt and moist silty sand (Qp = 4.0-4.5+ tsf) (Aéﬁ’r'?x.a‘éﬂiiﬁ“%f‘??g-> .
FILL : Fine Sandy Silt with Gravel, hard, brown, Wet zone at approx. 17 | "~
- 9-SS ps+23+24+24 17" |contains trace of medium to coarse sand and
=47 clay
Drilled through
20 cobles and boulqers
270.0 FILL : Fine Sandy Silt, medium stiff, brown, at approx. 19
- 10 - SS |6+12+19+20| 18" |contains trace medium to coarse sand
= FILL : Silty Sand with Gravel, dense, brown,
moist
i ) « |FILL : Silty Sand/Sandy Silt , dense/hard, ! )
11-SSpaviowiong 18 brown, contains gravel, portions moist to wet Conf:z{\‘;;‘;:iLsg{'23.
NATURAL SOIL: Clayey Silt (CL-ML), very ’
25 stiff, brown to gray brown (Qp = 4.5+ tsf)
265.0 NATURAL SOIL: Silty Sand/Sandy Silt
B 12-SS| 12+11+5+4| 18" | (SM/ML), medium dense/very stiff, brown,
N=16 contains coarse sand and gravel with zones of
silty clay, portions moist to wet (Qp = 4.0 - 4.5+
] B w |tsf)
13-88| 4ionsro | 20" INATURAL SOIL Clayey Siit (CL-ML), St
brown to brown gray, contains portions of silty Push 3" Shelby Tube
30 14 - SH 8.5" |lclay and traces of small roots (Qp = 2.0 - 3.0+ 13" (Refusal)
260.0

Notes: 1. SPT performed with automatic safety hammer.

3. Obtained bulk samples from auger cuttings (Approx. depth: 4' - 10" and 15' - 19').

2. Installed 1" diameter piezometer with screening interval approx. from 19' to 24'.




Project : Brunner Island Ash Basin #6 Boring: B09'1
Geotechnical Exploration
Sheet: 20f2
/N ) ) Location: Sta. 21+80 - Crest
Project Location: York Haven, PA . .
Coordinates: ,
Client: PPL Ground Surface Elevation: + 290 ft. MSL
Allentown, PA Project Number: 106864 Datum:
Boring Contractor: CGC Geoservices Water Level Observations
Boring Foreman: Dan Bowles Date Time |Casing (ft) Water (ft) | Caved (ft)
Drilling Method: 4-1/4" HSA/SPT Completion (Borehole) 6/10/09 | 4:50 pm | 43.3 394
Core Barrel: N/A Completion (Piezometer) 6/11/09 | 1:00 pm 12.6
Drilling Equipment: Acker Soilmax 2410 72 Hours 6/12/09 | 9:00 am 118
Boring Logged By: BRR Extended Reading 6/15/09 | 7:30 am 12.3
Dates Started: 6/10/09  Finished: 6/10/09 Extended Reading 6/18/09 | 7-45 am 125
Sampling
Depth Material Description PL mc LL Laboratory
. & Lithology X I g 2 Tests & Well
EI(?:\gaélt())n Type Sﬁ:ngée Data Iz(:c) Classification N value;blowsm Comments
[tsf, Tor = 0.75 kg/cm?2) |
E NATURAL SOIL: Silty Clay (CL), brown,
contains trace sand (Qp = 4.0 - 4.5+ tsf, Tor =
7 0.7-0.9 kg/cm2)(Continued)
NATURAL SOIL: Silty Clay (CL), very stiff,
- 15-SS| 4+7+9+11 | 22" |brown, contains some small roots with softer
35 N=16 material near root zones (Qp = 4.0 - 4.5 tsf, Near
255.0 root zone: Qp = 2.0 tsf)
16-SS| 505" | 5" [PARTIALLY WEATHERED ROCK (PWR) 7,
E Sampled as brown silty fine sand with portions of /)//
40 sandy silt and pieces of brown sandstone, dry ‘/ y
250.07] /./ / /-

i 7.
7.

17 -SS 50/4" 4"

Continued: Sampled as dark brown mudstone
with saturated brown silty fine sand above
sample

BORING TERMINATED AT 43.3 FEET (SPT
Refusal).

Safety Hammer used for SPT.

Bottom of Boring at 43.3 feet.
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Notes: 1. SPT performed with automatic safety hammer. 2. Installed 1" diameter piezometer with screening interval approx. from 19' to 24".
3. Obtained bulk samples from auger cuttings (Approx. depth: 4' - 10" and 15' - 19').

LOG OF BORING WITHOUT CASING BLOWS BRUNNERISLAND_200906.GPJ DTA.GDT 8/7/09




Project : Brunner Island Ash Basin #6 | Boring: Bog 2
-
Geotechnical Exploration
Sheet: 1 0f 1
ocation: Sta. 21+80 - Downstream Slope
) ) Location: Sta. 21+80 - D 1 S
Project Location: York Haven, PA . .
Coordinates: ,
Client: PPL Ground Surface Elevation: + 271.1 ft. MSL
Allentown, PA Project Number: 106864 Datum:
Boring Contractor: CGC Geoservices Water Level Observations
Boring Foreman: Dan Bowles Date Time |Casing (ft) Water (ft) | Caved (ft)
Drilling Method: ROTARY/SPT Completion (Piezometer) 6/16/09 | 1:45 pm 3.8
Core Barrel: N/A 24 to 72 Hours 6/17/09 | 9:15 am 55
Drilling Equipment: Skid 24 to 72 Hours 6/18/09 | 7:45 am 5.1
Boring Logged By: BRR Extended Reading 6/25/09 | 9:00 am 5.6
Dates Started: 6/12/09  Finished: 6/16/09
Sampling
Depth Material Description PL mc LL Laboratory
; X—HF—a
. S I Rec. & Lithology I Tests & Well
El(eF\iea;'t‘)’“ Type| Name | Data [(ing Classification M- Comments
h FILL : Gravelly Silt with fine to coarse Sand, Soil classifications based
— 1-8S | 2+2+5+6 | 10" | medium stiff, brown, moist to wet pon Visual Manual
z N=7 rocedure in general
accordance with
Continued: ASTM D 2488
m — 2-8S |6+11+12+13| 21" |FILL: Fine Sandy Silt, very stiff, brown, dry to
N=23 moist
E 5 Cobbles or gravel at 4.5 ft
266.1 3.SS |30+4a+504] 13" FILL : Gravelly Silt with fine to coarse Sand, '
: — hard, brown, moist to wet
‘ ,. FILL : Silty Sand with Gravel, very dense,
- 4 -SS |24+42+27+8| 14" |brown, wet, contains portions of moist to wet
o N=69 gravelly silt with sand
10
n 261.1 NATURAL SOIL: Silty Clay (CL), very stiff,
- 5-8S | 7+8+11+17 | 14" |brown to gray brown, contains portions of clayey
N=19 silt (Qp = 3.5 tsf)
m Continued: hard (Qp = 3.0 tsf)
- 6-SS [13+16+20+26 4"
1 -

g 15 Set 4" Casing to 15 ft
=i p| 2561 . . Continued: contains trace sand (Qp = 3.0-3.5 tsf, P (Rt
: ] - Tor = 0.8 kg/cm2)

<

=
u ; Continued: hard (Qp = 3.0 tsf)

g . 8 - SS1p+23+57+50/5"18" | NATURAL SOIL: Shale, gray Difficult drillng
m 8 PARTIALLY WEATHERED ROCK (PWR) starting approx. at 18.0

< 20 Sampled as red brown silt with trace sand

%' 25117 (Weathered mudstone)

q ; TRICONE REFUSAL AT 20.5 FEET.

o Safety Hammer used for SPT.

g Bottom of Boring at 20.5 feet.
=y :
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8 Notes: 1. SPT performed with automatic safety hammer. 2. Installed 1" diameter piezometer with screening interval approx. from ' to 10".
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Project : Brunner Island Ash Basin #6 | Boring:
J o on s *  B09-3
Geotechnical Exploration
Sheet: 10f2
/N ) ) Location: Sta. 7+44 - Crest
Project Location: York Haven, PA . .
Coordinates: ,
Client: PPL _ 10686 Ground Surface Elevation: + 290 ft. MSL
Allentown, PA Project Number: 4 Datum:
Boring Contractor: CGC Geoservices Water Level Observations
Boring Foreman: Dan Bowles Date Time |Casing (ft) Water (ft) | Caved (ft)
Drilling Method: 4-1/4" HSA/SPT Borehole - During Drilling 6/9/09 (12:30 pm 30.9
Core Barrel: N/A Piezometer B09-3A - 24 to 72 hrs| 6/10/09 | 7:30 am 31.9
Drilling Equipment: Acker Soilmax Piezometer B09-3B - 24 to 72 hrs| 6/10/09 | 7:31 am 23.6
Boring Logged By: BRR Piezometer B09-3A - Ext. Reading 6/15/09 | 7:30 am 32.9
Dates Started: 6/8/09 Finished: 6/9/09 Piezometer B09-3B - Ext. Reading 6/15/09 | 7:31 am 23.6
Sampling
Depth Material Description PL mc LL Laboratory
; X—a————aA
Elevation Sample Rec. & _ Lithology N-Value blows/ft Tests & Well
(Feet) TypeName | D28 [ in) Classification ° Comments
h AGGREGATE BASE COURSE (4 inch) : Silty Soil classifications based
. 1-8S f16+11+10+17 20" |(Gravel with Sand pon VisualManual
z N=21 FILL : Silty Clay, very stiff, brown, contains oo dichei
trace gravel and sand (Qp = 4.5+ tsf) ASTM D 2488
i ; « |FILL : Sandy Silt to Silty Clay, hard, brown,
m 2-88 21+2!\12:é20+2 7 contains gravel and sand (Qp = 4.5+ tsf)
FILL : Gravelly Silt with fine to coarse Sand,
S 3-SS p3+28+32+24 22" |hard, brown, contains trace clay
285.0 i
: Continue: contains trace clay and portions of silty
- 4- Sszs+1zﬁ_450g50/4"22" clay (Qp = 4.5+ tsf)
Continue: portions moist to wet
o B 5-8S p5+41+26+27 18"
N=67
n 280.0 Continue: occasional moist to wet zones
— 6-SS @2+32+17+1¢ 20"
FILL : Sandy Gravel with Silt, very dense,
> 2 - 7 -SS p1+25+27+24 20" |brown, contains trace clay, occasional wet zones
= N=52
0
H | 275.0 Continued: contains trace clay and occasional
: ) . 8-SS p8+20+34+44 19" |silty clay seams (Qp = 4.0 tsf)
E N=54
OfF
< FILL : Clayey Silt/Silty Clay, very stiff, brown to
m 2 7 9-SS |8+12+10+9| 18" |gray brown, contains trace fine to medium sand
]| 20 N=22 (Qp = 3.5-4.5 tsf)
% 270.0 FILL : Silty Sand with Gravel, very dense,
@ B 10 - SS p2+42+29+23 20" |brown, contains clay and zones of silty clay (Qp
x N=71 = 4.5 tsf)
z =
Z =
-4 : =t
@ Continue: medium dense, moist .
n g B 11 - SS[19+15+15+1¢ 18"
Ll % 2850 _ NATURAL SOIL Silty Clay (CL), very stiff FillNatural Soil
: , , ot 25
z B 12 - SS (16+12+11+12 14" |brown (Qp = 4.5+ tsf) contact approx. &t 25
2 -
VE
:. £ NATURAL SOIL: Silty Sand with Gravel (SM),
i g 13 - SS[10+14+12+13 18" | medium dense, brown
2l 30 -
g| 260.0 (Continued)
w
8 Notes: 1. SPT performed with automatic safety hammer. 2. Installed 1" diameter piezometers with screening interval approx. from 19' to 24' and 30' to
o] 35'.
—




Project : Brunner Island Ash Basin #6 | Boring: Bog 3
-
Geotechnical Exploration
Sheet: 20f2
/N ) ) Location: Sta. 7+44 - Crest
Project Location: York Haven, PA . .
Coordinates: ,
Client: PPL Ground Surface Elevation: + 290 ft. MSL
Allentown, PA Project Number: 106864 Datum:
Boring Contractor: CGC Geoservices Water Level Observations
Boring Foreman: Dan Bowles Date Time |Casing (ft) Water (ft) | Caved (ft)
Drilling Method: 4-1/4" HSA/SPT Borehole - During Drilling 6/9/09 (12:30 pm 30.9
Core Barrel: N/A Piezometer B09-3A - 24 to 72 hrs| 6/10/09 | 7:30 am 31.9
Drilling Equipment: Acker Soilmax Piezometer B09-3B - 24 to 72 hrs| 6/10/09 | 7:31 am 23.6
Boring Logged By: B_R_R Piezometer B09-3A - Ext. Reading 6/15/09 | 7:30 am 32.9
Dates Started: 6/8/09 Finished: 6/9/09 Piezometer B09-3B - Ext. Reading 6/15/09 | 7:31 am 23.6
Sampling
Depth Material Description PL mc LL Laboratory
. & Lithology X I g 2 Tests & Well
EI(?:\gaélt())n Type S,\?:ngée Data %ﬁc) Classification N valuiblowsm Comments
NATURAL SOIL: Silty Sand with Gravel (SM),
B medium dense, brown(Continued)
Continue: dense, wet to saturated Hit water at approx. 33' | ..
- 14 - SS 8+16t16+17 15"
35 -
255.0
i 15 - 58 |25+41+5047 11" Continue: dense, saturated
PARTIALLY WEATHERED ROCK (PWR)
2548 0 Sampled as saturated brown silty sand with
) gravel with pieces of sandstone and shale in tip
N of sampler

4-1/4" AUGER REFUSAL AT 41.0 FEET.
Safety Hammer used for SPT.
Bottom of Boring at 41 feet.
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Notes: 1. SPT performed with automatic safety hammer. 2. Installed 1" diameter piezometers with screening interval approx. from 19' to 24' and 30' to
35"

LOG OF BORING WITHOUT CASING BLOWS BRUNNERISLAND_200906.GPJ DTA.GDT 8/7/09




Project : Brunner Island Ash Basin #6 | Boring: Bog 4
-
Geotechnical Exploration
Sheet: 1 0f 1
/N ) ) Location: Sta. 7+44 - Downstream Slope
Project Location: York Haven, PA . .
Coordinates: ,
Client: PPL Ground Surface Elevation: + 269.2 ft. MSL
Allentown, PA Project Number: 106864 Datum:
Boring Contractor: CGC Geoservices Water Level Observations
Boring Foreman: Mike Clinton Date Time |Casing (ft) Water (ft) | Caved (ft)
Drilling Method: ROTARY/SPT Completion (Borehole) 6/18/09 | 9:00 am | 10.0 8.2
Core Barrel: N/A During Drilling 6/18/09 | 2:30 pm 10.1
Drilling Equipment: Skid Extended Reading 6/25/09 | 9:00 am 3.7
Boring Logged By: BRR
Dates Started: 6/17/09  Finished: 6/18/09
Sampling
Depth Material Description PL mc LL Laboratory
; X—HF—a
. S I Rec. & Lithology I Tests & Well
EI(?:\gaetlt())n Type ,\?:nﬁee Data (iﬁ3 Classification N-Valueplowsift Comments
FILL : Gravelly Silt, stiff, brown, contains trace Soil classifications based
. 1-8S | 5+8+6+9 | 4" |sand, clay, and a piece of sandstone gravel pon VisualManual
N=14 stuck in shoe, moist to wet ccordance with
Continued: hard, larger gravel stuck in SPT shoe, ASTM D 2488
- 2-SS | 4+7+24+33| 3" |dry to moist
5
264.2 FILL : Gravelly Silt with fine to coarse Sand,
- 3-8S p2+28+27+12 15" |hard, brown, contains large gravel at top of
N=55 sample, moist to wet (wetter in more gravelly
zones)
i 4-55 | a+5+8+10 | 14" | NATURAL SOIL: Clayey Silt (ML), stiff, brown
N=13 to gray brown, contains occasional sand (Qp =
2.5-4.0 tsf)
10 Set 4" Casing to 10 ft
259.2 NATURAL SOIL: Silty Gravel with Sand (GM), P § Attempted 5 Shelby
e 5-SS po+20+26+28 9" |dense, brown, contains pieces of sandstone, °C 0" push (Refusal)
N=46 moist b 100% water loss drilling
R " . . [@ below 10 ft
6-SS | 31+5001" | 5" | Continued: moist to dry o1

7-8S| 500 | 0" 'PARTIALLY WEATHERED ROCK (PWR)
Sampled as moist to dry brown silty sand with
gravel

TRICONE REFUSAL AT 12.8 FEET.

Safety Hammer used for SPT.

Bottom of Boring at 12.8 feet.
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Notes: 1. SPT performed with automatic safety hammer. 2. Installed 1" diameter piezometer with screening interval approx. from 3.5' to 8.5'".

LOG OF BORING WITHOUT CASING BLOWS BRUNNERISLAND_200906.GPJ DTA.GDT 8/7/09




SEE ALTERNATE DETAIL
FOR CREST PIEZOMETERS

5' LONG, 4’¢ PROTECTIVE 1" LONG, 5'¢ FLUSH GROUND SURFACE
STEEL CASING W/HINGED MOUNT STEEL 1”8 DRAIN TUBE
LOCKING CAP & PROTECTIVE CASING SLOPE TO DRAIN
LIGHTENING PROTECTION W/LOCK  STONE
4 * N\ /_
21
o
1 1
]
N
= 1N
1.0 FILTER — N\ 10 TR
1.5 SET IN ' SAND
S0 —1 cone (vp) P 102
2 % g& HYDRATED BENTONITE
Lt g B ~
e Z_“ /)&NMCHIPS
1.0' FILTER R O Y
v _ T GROUND SURFACE
3 =z PROTECTIVE CASING DETAIL FOR
X X CREST PIEZOMETER B09-1, B09-3
BENTONETE ) pYe; > SCALE: N.T.S.
CHIPS (HYDRATED) —1
e — 2.0’
1"8, SCH 40 PVC B=e
RISER PIPE———— |— |-
FILTER SAND——— [ T[ 50 }——5.0' SLOTTED
400 SIZE R B PVC SCREEN
OR EQUAL ST 1’8, SCH 40,
St I 0.01" SLOT SIZE
THREADED PVC / SRR —— 1.0’ FILTER
END CAP —— | |- T SAND
}— HYDRATED BENTONITE
BOTTOM OF
BOREHOLE { e j  CHIPS

4 1/4-INCH ID HOLLOW
STEM ALGER BOREHOLE

FIGURE 02552-1
TYPICAL OPEN STANDPIPE PIEZOMETER

DETAIL B09-2, BO9—4
SCALE: N.TS.

P:\PPL_PA\106864 2009 Ash Basin Inspections\CAD\PLEZOMETER DETAIL.dwg, Layout1, 5/27/2009 9:42:16 AM




APPENDIX D
LABORATORY TESTING RESULTS
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4 TRIAXIAL COMPRESSION TEST, "R-BAR" (ASTM D4767) N

6 —_—
N 24.0°
2 \
P —
N 4 —
T .
o
‘._
U) —
o
ﬁ —
I e
b —
. Ly
g — I I S O S I SO " T T O A O O
8] c 4 & 8 10 e 14 16
NORMAL STRESS (ksf)
8 —
% —
% = .
= o 7]
I £ 6 ]
1] 1]
w i —
z E o, -
p g 4T
o o —
= @ _
> a 2 —
1n) IS .
o 3
a IHI!III]IIIII'HIIIIIII’IIH‘HII|IHI| 2 0 RN AN AR RN AR R AR RN AR
| §
0 2 4 6 8 10 12 14 16 8] 2 4 6 8 10 112 14 16
AXIAL STRAIN (%) AXIAL STRAIN (%)
c= 0.00 (ksf) c'= 0.00 (ksf) . .
Sample Identification: B-09-1: Bulk No. 2

©=240"° P'=395"° L . .
Sample Description: Red-brown GRAVEL, some silty clay, little fine to

Sample No.: 1 2 3 medium sand, trace coarse sand. |

Minor Principal Stress (ksf):  1.44 2.88 432 % Passing No. 200 Sieve: 32.0
Max. Deviator Stress(ksf):  1.93 381 693 USCSClass: GC

Inital Height (in.): 5.90 5.90 5.90

Initial Diameter (in): 2.87 2.87 2.87 I
LEGEND:

Saturation B-Parameter (%): 90.0 95.0 97.0 s le 1

Initial Moisture (%): 8.3 8.3 8.3 @ sampie

Dry Unit Weight (pcf): 1235 1245 1269 - Sample 2

Remarks: Oversized material replacement performed on oversize portion

(material with particle size greater than 1/2") in general accordance with A Sample 3

USACE test methods (approximately 12 % by weight). '

Project: PPL Brunner Island, Ash Basin No. 6
Client: PPL Generation LLC.

Sample Identification: B09-1 Bulk Sample No. 2
Project No. 8146.ZA

Date/Checked By: Boo .,/01

I CUMBERLAND

GEOSCIENCE
CONSULTANTS

A Division of Dulfield Asacoiates




Particle Size Distribution Report
. £ : £ o o o
s £ £5 £5 S S £8¢g 8 238
© M N H A > O™ i i * ¥ # 3 *OH W
100
90
80
70
& 60
Z
o
= 50
i
h O
i
Z
- N
U 10
® :
a 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
m Coarse Fine Coarse  Medium Fine Silt Clay
> O 0.0 4.6 38.8 10.1 145 13.8 11.6 6.6
: LL PL Dgs Dga Dsq D3q D1g D1g Cc Cy
O 20 13 11.9430 5.7115 2.8216 0.3446 0.0446 0.0136 153 420.49
u Material Description USCS AASHTO
q O USCS Classification: Silty clayey gravel with sand GC-GM
¢ Project No. 08146.ZA Client: PPL Generation, LLC. Remarks:
n Project: PPL Brunner ISland, Ash Basin No. 6 OB09-01 Bulk Sample No. 1
m 4.0-10.0
O Loc.: AshBasin No. 6 Depth: 4.0-10.0 Sample No.: B09-1 Bulk No. 1
: CUMBERLAND GEOSCIENCE CONSULTANTS
Carlisle, Pennsylvania
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GRAIN SIZE DISTRIBUTION TEST DATA 7/22/2009

Client: PPL Generation, LLC.

Project: PPL Brunner Island, Ash Basin No. 6
Project Number: 08146.ZA

Location: Ash Basin No. 6

Depth: 4.0-10.0' Sample Number: B09-1 Bulk No. 1
Material Description: USCS Classification: Silty clayey gravel with sand
Liquid Limit: 20 Plastic Limit: 13

USCS Classification: GC-GM
Testing Remarks: B09-01 Bulk Sample No. 1

4.0-10.0
Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent
(grams) (grams) (grams) Size (grams) Finer
1326.20 0.00 0.00 1" 0.00 100.0
3/4" 61.63 954
2 177.30 86.6
3/8" 293.22 77.9
4" 494.40 62.7
#4 575.00 56.6
#3 687.80 48.1
#10 709.80 46.5
50.00 0.00 0.00 #16 5.22 41.6
#40 15.61 32.0
#80 24.23 24.0
#140 28.86 19.7
#200 30.46 18.2

Hydrometer Test Data

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 46.5
Weight of hydrometer sample =50
Hygroscopic moisture correction:
Moist weight and tare = 56.05
Dry weight and tare =  55.86
Tare weight = 31.05
Hygroscopic moisture = 0.8%
Table of composite correction values:
Temp., deg. C: 23.0 275 26.0 25.0 22.0 195
Comp. corr.: -7.6 -8.6 -8.3 -8.0 -74 -6.9
Meniscus correction only = 0.5
Specific gravity of solids = 2.75
Hydrometer type = 152H
Hydrometer effective depth equation: L = 16.294964 - 0.164 x Rm

CUMBERLAND GEOSCIENCE CONSULTANTS




-
4
Ll
>3
-
O
O
Q
L
=
-
L
O
ol
J
<
Q.
Ll
2
-

Hydrometer Test Data (continued)

Elapsed Temp. Actual Corrected Eff. Diameter Percent
Time (min.) (deg. C.) Reading Reading K Rm Depth (mm.) Finer
2.00 23.0 22.0 144 0.0128 225 12.6 0.0321 13.2
5.00 23.0 205 12.9 0.0128 210 12.9 0.0205 11.8
15.00 23.0 18.0 104 0.0128 185 13.3 0.0120 9.5
30.00 23.0 17.0 94 0.0128 175 134 0.0085 8.6
60.00 23.0 155 7.9 0.0128 16.0 13.7 0.0061 7.2
120.00 23.0 145 6.9 0.0128 15.0 13.8 0.0043 6.3
1440.00 23.0 12.0 4.4 0.0128 125 14.2 0.0013 4.0
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 4.6 38.8 43.4 10.1 14.5 13.8 38.4 11.6 6.6 18.2
D10 D15 D20 D30 Dso Deo Dgo Dgs Dgo Dos
0.0136 0.0446 0.1124 0.3446 2.8216 5.7115 10.1200 11.9430 14,5971 18.6778
Fineness
Modulus Cu Ce
3.94 420.49 1.53

CUMBERLAND GEOSCIENCE CONSULTANTS




Particle Size Distribution Report
. c o c o o o
s s oss 5§82 g 3 88¢% 8 238
© ™ N > M 3+ i HOH I+ H* H H
100
90
80
70
& 60
4
o
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]
h O
i
Z
- N
U 10
@ :
a 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
m Coarse Fine Coarse  Medium Fine Silt Clay
> O 0.0 0.8 32.6 8.7 10.2 16.9 185 12.3
: LL PL Dgs Dga Dsq D3q D1g D1g Cc Cy
O 23 17 9.7328 2.5867 0.5823 0.0661 0.0080 0.0024 0.70 1075.34
u Material Description USCS AASHTO
q O USCS Classification: Silty, clayey sand with gravel SC-SM
¢ Project No. 08146.ZA Client: PPL Generation, LLC. Remarks:
n Project: PPL Brunner Island, Ash Basin No. 6 OB09-1 Bulk Sample No. 2
m 15.0-19.0
O Loc.: AshBasin No. 6 Depth: 15.0-19.0' Sample No.: B09-1 Bulk No. 2
: CUMBERLAND GEOSCIENCE CONSULTANTS
Carlisle, Pennsylvania
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GRAIN SIZE DISTRIBUTION TEST DATA 7/22/2009

Client: PPL Generation, LLC.

Project: PPL Brunner Island, Ash Basin No. 6
Project Number: 08146.ZA

Location: Ash Basin No. 6

Depth: 15.0'-19.0' Sample Number: B09-1 Bulk No. 2
Material Description: USCS Classification: Silty, clayey sand with gravel
Liquid Limit: 23 Plastic Limit: 17

USCS Classification: SC-SM
Testing Remarks: B09-1 Bulk Sample No. 2

15.0-19.0
Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent
(grams) (grams) (grams) Size (grams) Finer
1471.50 0.00 0.00 1" 0.00 100.0
3/4" 11.62 99.2
2 132.04 91.0
3/8" 22911 84.4
4" 409.10 72.2
#4 490.80 66.6
#3 600.00 59.2
#10 619.80 57.9
50.00 0.00 0.00 #16 3.08 54.3
#40 8.79 47.7
#80 16.26 39.1
#140 21.39 331
#200 2341 30.8

Hydrometer Test Data

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 57.9
Weight of hydrometer sample =50
Hygroscopic moisture correction:
Moist weight and tare = 50.07
Dry weight and tare=  49.85
Tare weight = 25.07
Hygroscopic moisture = 0.9%
Table of composite correction values:
Temp., deg. C: 23.0 275 26.0 25.0 22.0 195
Comp. corr.: -7.6 -8.6 -8.3 -8.0 -74 -6.9
Meniscus correction only = 0.5
Specific gravity of solids = 2.75
Hydrometer type = 152H
Hydrometer effective depth equation: L = 16.294964 - 0.164 x Rm

CUMBERLAND GEOSCIENCE CONSULTANTS




Hydrometer Test Data (continued)

Elapsed Temp. Actual Corrected Eff. Diameter Percent
Time (min.) (deg. C.) Reading Reading K Rm Depth (mm.) Finer
2.00 23.0 29.0 21.4 0.0128 29.5 11.5 0.0306 24.5
5.00 23.0 26.0 184 0.0128 26.5 11.9 0.0197 210
15.00 23.0 23.0 154 0.0128 235 124 0.0116 17.6
30.00 23.0 21.0 134 0.0128 215 12.8 0.0083 15.3
60.00 23.0 19.0 114 0.0128 19.5 13.1 0.0060 13.0
120.00 23.0 18.0 104 0.0128 185 13.3 0.0042 11.9
1440.00 23.0 14.0 6.4 0.0128 145 13.9 0.0013 7.3
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.8 32.6 334 8.7 10.2 16.9 35.8 185 12.3 30.8
D10 D15 D20 D30 Dso Deo Dgo Dgs Dgo Dos
0.0024 0.0080 0.0170 0.0661 0.5823 2.5867 8.2136 9.7328 12.1247 15.0591
Fineness
Modulus Cu Ce
3.05 1075.34 0.70
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CUMBERLAND GEOSCIENCE CONSULTANTS




COMPACTION TEST REPORT

132

130
8.1%, 129.4 pcf
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2.75
122
[y 0 5 10 15 20 25 30
> Water content, %
l I Test specification: ASTM D 698-00a Method B Standard
: Elev/ Classification Nat. % > % <
. Sp.G. LL PI .
Depth USCS AASHTO Moist. 3/8in. No.200

u 15.0-19.0' SC-SM 275 23 7 15.6 30.8
q TEST RESULTS MATERIAL DESCRIPTION
¢ Maximum dry density = 129.4 pcf USCS Classflcatlog;;lgy, clayey sand with
n Optimum moisture=8.1 %
m Project No. 08146.ZA Client: PPL Generation, LLC. Remarks:

Project: PPL Brunner Island, Ash Basin No. 6 B09-1 Bulk Sample No. 2

15.0-19.0'
m' O Loc.: Ash Basin No. 6 Depth: 15.0-19.0'
: CUMBERLAND GEOSCIENCE CONSULTANTS
Carlisle, Pennsylvania




MOISTURE DENSITY TEST DATA 7/22/2009

Client: PPL Generation, LLC.
Project: PPL Brunner Island, Ash Basin No. 6
Project Number: 08146.ZA
Location: Ash Basin No. 6
Depth: 15.0'-19.0' Sample Number: B09-1 Bulk No. 2
Description: USCS Classification: Silty, clayey sand with gravel
USCS Classification: SC-SM
Liquid Limit: 23 Plasticity Index: 7
Testing Remarks: B09-1 Bulk Sample No. 2
15.0-19.0
Percent passing 3/8 in. sieve: 84.4

Test Data and Results

Test Specification:
Type of Test: ASTM D 698-00a Method B Standard
Mold Dia: 4.00 Hammer Wt.: 5.51b. Drop: 12in. Layers: three Blows per Layer: 25

Point No. 1 2 3 4
182 Wt. M+S| 1376 14.06 14.25 14.22
A G Wt.M| 954 9.54 9.54 9.54
o Wt W+T 92.2 118.6 139.4 113.7
Wt. D+T 91.2 114.1 130.2 103.4
Tare 30.8 317 311 31.2
128] % Moist. 16 55 9.3 14.2
: WELWAT| 899 1132 145.9 1250
z Wt. D+T 89.1 108.9 135.6 112.7
6|8 Tare 25.1 314 252 252
Moist. 1.2 55 9.3 14.1
Moist.* 1.4 55 9.3 14.1
124 Dry Den.* 124.7 128.4 129.2 122.9
122 Moisture Content, %
5 10 15 20 25 30

Test Results: Max. Dry Den.= 129.4 pcf Opt. Moist.= 8.1%
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Particle Size Distribution Report
. c . c o o o
S £ =3 £% S0 < =] 2 8¢9 8 332
© M N H dH > o™ At p:3 * ¥ # 3 *OH W
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n 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
m ° Coarse Fine Coarse  Medium Fine Silt Clay
> O 0.0 0.0 0.0 0.6 6.4 20.0 73.0
: LL PL Dgs Dgo Dsq D3o D1g D1g Cc Cy
O 30 20 0.1788
u Material Description USCS AASHTO
q O USCS Classification: Lean clay with sand cL
¢ Project No. 08146.ZA Client: PPL Generation, LLC. Remarks:
(a8 Project: PPL Brunner Iand, Ash Basin No. 6 OB09-1 UD-14
m 29.0-30.0
O Loc.: AshBasin No. 6 Depth: 29.0'-30.0' Sample No.: B09-1UD-14 NMC=19.1%
m #200 Wash
: CUMBERLAND GEOSCIENCE CONSULTANTS
Carlisle, Pennsylvania
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GRAIN SIZE DISTRIBUTION TEST DATA 7/22/2009
Client: PPL Generation, LLC.
Project: PPL Brunner Island, Ash Basin No. 6
Project Number: 08146.ZA
Location: Ash Basin No. 6
Depth: 29.0'-30.0' Sample Number: B09-1 UD-14
Material Description: USCS Classification: Lean clay with sand
Liquid Limit: 30 Plastic Limit: 20
USCS Classification: CL
Testing Remarks: B09-1 UD-14
29.0-30.0'
NMC=19.1%
#200 Wash

Sieve Test Data

Post #200 Wash Test Weights (grams): Dry Sample and Tare = 128.68
Tare Wt. = 0.00
Minus #200 from wash = 73.0%

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent
(grams) (grams) (grams) Size (grams) Finer
477.29 0.00 0.00 #4 0.00 100.0
#10 2.93 994
#16 7.99 98.3
#40 33.48 93.0
#80 71.01 85.1
#140 119.98 74.9
#200 128.68 73.0
Fractional Components
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.6 6.4 20.0 27.0 73.0
D10 D15 D20 D30 Dso Deo Dgo Dgs Dgo Dos
0.1409 0.1788 0.2611 0.6070
Fineness
Modulus
0.35

CUMBERLAND GEOSCIENCE CONSULTANTS




Particle Size Distribution Report
. £ . . £ o o o
S £ £5 25 S 4 S £8¢g 8 238
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100
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n 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
m ° Coarse Fine Coarse  Medium Fine Silt Clay
> O 0.0 0.0 2.2 0.7 3.6 15.9 77.6
: LL PL Dgs Dga Dsq D3q D1g D1g Cc Cy
O 34 21 0.1441
u Material Description USCS AASHTO
q O USCS Classification: Lean clay with sand cL
¢ Project No. 08146.ZA Client: PPL Generation, LLC. Remarks:
(a8 Project: PPL Brunner Iand, Ash Basin No. 6 OB09-2 UD-7
m 15.0-16.0'
O Loc.: AshBasin No. 6 Depth: 15.0-16.6' Sample No.: B09-2 UD-7 NMC=26.7%
m #200 Wash
: CUMBERLAND GEOSCIENCE CONSULTANTS
Carlisle, Pennsylvania
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GRAIN SIZE DISTRIBUTION TEST DATA 7/22/2009
Client: PPL Generation, LLC.
Project: PPL Brunner Island, Ash Basin No. 6
Project Number: 08146.ZA
Location: Ash Basin No. 6
Depth: 15.0'-16.6' Sample Number: B09-2 UD-7
Material Description: USCS Classification: Lean clay with sand
Liquid Limit: 34 Plastic Limit: 21
USCS Classification: CL
Testing Remarks: B09-2 UD-7
15.0-16.0
NMC=26.7%
#200 Wash

Sieve Test Data

Post #200 Wash Test Weights (grams): Dry Sample and Tare = 71.72
Tare Wt. = 0.00
Minus #200 from wash = 77.6%

Dry Cumulative Cumulative
Sample Pan Sieve Weight

and Tare Tare Tare Weight Opening Retained Percent

(grams) (grams) (grams) Size (grams) Finer

319.50 0.00 0.00 3/4" 0.00 100.0

12" 2.54 99.2

3/8" 5.17 98.4

#4 7.07 97.8

#10 9.40 97.1

#16 11.48 96.4

#40 20.73 935

#80 37.71 88.2

#140 61.95 80.6

#200 71.72 77.6

Fractional Components

CUMBERLAND GEOSCIENCE CONSULTANTS

Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 2.2 2.2 0.7 3.6 15.9 20.2 77.6
D10 D15 D20 D30 D50 D60 Dso Dgs Dao Dos
0.1003 0.1441 0.2126 0.6782
Fineness
Modulus
0.38
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801 Belvedere Street

cri(:UMBEF{LAND Carlisle, PA 17013-4002

GEOSCIENCE (717) 245-9100
2 CONSULTANTS Fax (717) 245-9656
- A Division of Dufield Assodales www.cumberlandgeo.com

Shelby Tube Extraction and Unit Weight

ASTM D2397

Standard Test Method for Density of Soil in Place by the Drive-Cylinder Method

Percent Water

Sample Number Wet Unit Weight (PCF) | Dry Unit Weight (PCF)

B09-1, UD-14, 29.0'-30.0'

B09-2, UD-7, 15.0'-16.6'

Project No. 08146.ZA
PPL Brunner Island / Ash Basin No. 6
PPL Generation LLC
July 22, 2009
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Particle Size Distribution Report

. £ : £ o o o
£ £ £y £5 o < = S 8% 8 S I8
© M N H dA A o™ I+ i * ¥ # 3 *OH W
100
90
80
70
& 60
zZ
o
E 50
w
@)
i
a 40
30
20
10
0
100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
Coarse Fine Coarse  Medium Fine Silt Clay
O 0.0 0.0 50.6 134 194 8.4 8.2
LL PL Dgs D60 D50 D30 D15 D10 Ce Cu
O 0 0 11.8987 6.8490 4.8754 0.9536 0.3639 0.1337 0.99 51.21
Material Description USCS AASHTO
O USCS Classification: Poorly graded gravel with silt and sand GP-GM
Project No. 08146.ZA Client: PPL Generation, LLC. Remarks:
Project: PPL Brunner Isand, Ash Basin No. 6 OB09-3 SPT-7
13.0-15.0'
O Loc.: AshBasin No. 6 Depth: 13.0-15.0' Sample No.: B09-3 SPT-7 NMC=6.0%
#200 Wash
Non-Plastic
CUMBERLAND GEOSCIENCE CONSULTANTS
Carlisle, Pennsylvania
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GRAIN SIZE DISTRIBUTION TEST DATA 7/22/2009
Client: PPL Generation, LLC.
Project: PPL Brunner Island, Ash Basin No. 6
Project Number: 08146.ZA
Location: Ash Basin No. 6
Depth: 13.0-15.0' Sample Number: B09-3 SPT-7
Material Description: USCS Classification: Poorly graded gravel with silt and sand
Liquid Limit: O Plastic Limit: O
USCS Classification: GP-GM
Testing Remarks: B09-3 SPT-7
13.0-15.0
NMC=6.0%
#200 Wash
Non-Plastic

Sieve Test Data

Post #200 Wash Test Weights (grams): Dry Sample and Tare = 180.19

Tare Wt. = 0.00
Minus #200 from wash = 8.2%
Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent
(grams) (grams) (grams) Size (grams) Finer
196.37 0.00 0.00 3/4" 0.00 100.0
2 23.64 88.0
3/8" 51.58 73.7
#4 99.44 494
#10 125.67 36.0
#16 132.18 32.7
#40 163.72 16.6
#80 173.92 114
#140 178.68 9.0
#200 180.19 8.2
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse Medium Fine Total Silt Clay Total
0.0 0.0 50.6 50.6 134 194 8.4 41.2 8.2
D10 D15 D20 D30 Dso Deo Dgo Dgs Dgo Dos
0.1337 0.3639 0.5348 0.9536 4.8754 6.8490 10.7694 11.8987 13.3581 15.5722
Woduis | Cu Ce
4.61 51.21 0.99

CUMBERLAND GEOSCIENCE CONSULTANTS




Particle Size Distribution Report
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a 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
m Coarse Fine Coarse  Medium Fine Silt Clay
> O 0.0 14.0 419 10.1 12.2 0.0 21.8
: LL PL Dgs Dga Dsq D3q D1g D1g Cc Cy
O 0 0 18.3305 8.2633 5.8498 1.2133
u Material Description USCS AASHTO
q O USCS Classification: Silty gravel with sand GM
¢ Project No. 08146.ZA Client: PPL Generation, LLC. Remarks:
n Project: PPL Brunner Island, Ash Basin No. 6 OB09-4 SPT-6
m 12.0-12.6'
O Loc.: AshBasin No. 6 Depth: 12.0-12.6' Sample No.: B09-4 SPT-6 Refusal at 12.8'
m NMC=7.3%
No LL/PL Datafor Classification
: CUMBERLAND GEOSCIENCE CONSULTANTS
Carlisle, Pennsylvania
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GRAIN SIZE DISTRIBUTION TEST DATA 7/22/2009
Client: PPL Generation, LLC.
Project: PPL Brunner Island, Ash Basin No. 6
Project Number: 08146.ZA
Location: Ash Basin No. 6
Depth: 12.0'-12.6' Sample Number: B09-4 SPT-6
Material Description: USCS Classification: Silty gravel with sand
Liquid Limit: O Plastic Limit: O
USCS Classification: GM
Testing Remarks: B09-4 SPT-6
12.0-12.6'
Refusal at 12.8'
NMC=7.3%
No LL/PL Datafor Classification

Sieve Test Data

Post #200 Wash Test Weights (grams): Dry Sample and Tare = 185.19
Tare Wt. = 0.00
Minus #200 from wash = 21.8%

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent
(grams) (grams) (grams) Size (grams) Finer
236.76 0.00 0.00 15" 0.00 100.0
1" 33.25 86.0
3/4" 33.25 86.0
2" 76.76 67.6
3/8" 88.36 62.7
#4 13241 4.1
#10 156.19 34.0
#16 166.32 29.8
#40 185.19 21.8
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 14.0 419 55.9 10.1 12.2 0.0 22.3 21.8
D10 D15 D20 D30 Dso Deo Dgo Dgs Dgo Dos
1.2133 5.8498 8.2633 16.2825 18.3305 30.4593 34.3407
Fineness
Modulus
4.75

CUMBERLAND GEOSCIENCE CONSULTANTS
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801 Belvedere Street

CGCCUMBEHLAND Carlisle, PA 17013-4002

GEOSCIENCE (717) 245-9100
_ a CONSULTANTS Fax (717) 245-9656
z A Division of Dufiield Assocates www.cumberlandgeo.com

NATURAL WATER CONTENT DETERMINATIONS

ASTM DESIGNATION: D 2216

STANDARD TEST METHOD FOR LABORATORY DETERMINATION OF WATER (MOISTURE)
CONTENT OF SOIL, ROCK AND SOIL-AGGREGATE MIXTURES

Boring No. Sample No. Depth (ft) Percent Water
B09-1 SPT-13 27.0'-29.00 18.2%
B09-1 UD-14 29.0'-30.0° 19.1%
B09-1 SPT-15 33.0'-35.0° 20.4%
B09-2 SPT-4 6.0'-8.0' 6.8%
B09-2 uD-7 15.0'-16.6' 26.7%
B09-3 SPT-7 13.0'-15.0' 6.0%
B09-4 SPT-4 7.0'-9.0' 16.2%
B09-4 SPT-6 12.0'-12.6' 7.3%

Project No. 08146.ZA
PPL Brunner Island / Ash Basin No. 6
PPL Generation LLC
July 22, 2009




801 Belvedere Street

chCCUIVIBERLAND Carlisle, PA 17013-4002
GEOSCIENCE (717) 245-9100

_ am CONSULTANTS Fax (717) 245-9656

4 ADivision of Duffield Associales www.cumberlandgeo.com

ATTERBERG LIMITS

ASTM DESIGNATION: D 4318

STANDARD TEST METHOD FOR LABORATORY DETERMINATION
OF LIQUID AND PLASTIC LIMITS OF SOIL

Boring No. | Sample No. ‘ Depth (ft) ‘ Liquid | Plast|c| Plastic

Limit Limit Index
B09-1 Bulk-1 4.0'-10.0° 20 13 7
B09-1 Bulk-2 15.0'-19.0° 23 17 6
B09-1 SPT-13 27.0'-29.0¢ 24 21 3
B09-1 uD-14 29.0'-30.0° 30 20 10
B09-2 ubD-7 15.0'-16.6' 34 21 13
B09-3 SPT-7 13.0'-15.0 Ncl)n PlasticI

Project No. 08146.ZA
PPL Brunner Island / Ash Basin No. 6
PPL Generation LLC
July 22, 2009
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APPENDIX E
STABILITY ANALYSIS RESULTS

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=




INITIAL ANALYSES
10-YEAR FLOOD RAPID DRAWDOWN
(VERIFIES METHODOLOGY & PARAMETERS)
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Filena

450

420

390

360

330

300

270

240

210

Brunner Island - Ash Basin #6 - Sta.21+80 - Rapid Drawdown (10 yr Flood)

Nol DEscriPTION | UNIT SHEAR PORE This analysis was performed to replicate
WEIGHT STRENGTH PRESSURES existing slope failures as a check on:
1 |Bedrock - Saturated| 160 Cohesion: 2000.0 Piezometric
Friction angle: 45 Line no. 1 .
2-Stage Linear - Drawdown analysis methodology; and
, | Native Soil- 150 '”teéfjgé((ﬁcci11))i 1009.00] piezometric| - Undrained and drained strength parameters.
Saturated Intercept (Kc = Kf): 0.00 | L€ no- 1
Slope (Kc = Kf): 30.00
2-Stage Linear
. Intercept (Kc = 1): 0.00 . .
g | Embankmentfil- | 435 | Siope (ke=1):28.70 |Fe2ometre
Intercept (Kc = Kf): 0.00 ’
Slope (Kc = Kf): 37.00 Phrealic T
Embankment Fill - Cohesion: 0.0 Piezometric Y . )
4 Moist 125 Friction angle: 37 Line no. 1 1. After rapid drawdown
>3 . 2: Before rapid drawdown
-Stage Linear
. Intercept (Kc = 1): 1000.00| . .
5 | Qyliner- 130 Slope (K= 1):0.00 | F/82ometric
Intercept (Kc = Kf): 0.00 ’
Slope (Kc = Kf): 30.00
. . Cohesion: 0.0 Piezometric
6 | Clay Liner - Moist 130 oo ; ;
Fricfonangle: 30 | Line no 1 Factor of safety: 1.006
7 Ash 2 Cohesion: 0.0 Piezometric . . \
Saturated Frictionangle: 30| Lineno.1 | Side force Inclination: -15.62 degrees
approximate location of actual
1 failure surface verifying
methodology and parameters
-120 -80 -40 0 40 80 120

-160

me: C:\PPL_AshBasin\Brunner_Analysis 2009\Analysis\Brunner Island Ash Basin No.6 Sta.21+80 Drawdown 1(Time: 10:55:26
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This analysis was performed to replicate existing slope failures as a check on:

- Drawdown analysis methodology; and
- Undrained and drained strength parameters.
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Rapid Drawdown (10 yr Flood)

— 450
z No.l DESCRIPTION | UNIT SHEAR POre | This analysis was performed to replicate
WEIGHT = iTF_‘ENC;gOHO - 'ZFESSU?E existing slope failures as a check on:
I I I onesion: . lezometric
420 1 |Bedrock - Saturated| 160 Friction angle: 45 Line no. 1 )

E 2-Stage Linear - Drawdown analysis methodology; and

. . Intercept (Kc = 1): 1000.00| . - i i

p | Natve Soil 130 Siope (Ko - 1):000 | Fiezomeri Undrained and drained strength parameters.
: Intercept (Kc = Kf): 0.00 ’
@ 390 Slope (Kc = Kf): 30.00 Embankment Fill with Low Strength, FS = 1.0
2-Stage Linear
. Intercept (Kc = 1): 0.00 . )

o g | Emoankment Pl 135 | Siope (ke = 1):27.00 | Fiezometrc o' = 34°

u Intercept (Kc = Kf): 0.00 ’
n 360 Slope (Kc = Kf): 34.00 .

4 | Embankment Fill - 125 Cohesion: 0.0 Piezometric Wyet = 27

Moist Friction angle: 34 Line no. 1
I I I 2-Stage Linear Phrealic ?
} 330 5 Clay Liner - 130 Inteécl:sgtta ((KK%::11)):: 1008800 Pit_ezometric 1 After rapid drawdown

Saturated Intercept (Kc = Kf): 0.00 | Lineno-1 2: Before rapid drawdown

H Slope (Kc = Kf): 30.00

. ’ Cohesion: 0.0 Piezometric
: 6 | Clay Liner - Moist 130 Friction angle: 30 Line no. 1 Factor of Safety: 1.006

Ash Cohesion: 0.0 Piezometric . . . .
U 300 / Saturated 90 Friction angle: 30 Line no. 1 Side force Inclination: -23.01 degrees
q 270

240 c
LLJ 1 failure surface deeper than what
has been observed at site

")
:‘ -160 -120 -80 -40 0 40 80 120 160

hBasin\Brunner_Analysis_2009\Analysis\Sensitivity_10 yr Flood Embankment Strength\Brunner Island_Ash Basin No.6_Sta.21Time: 10:39:46 10yrFlood_Emb L.

E2
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Embankment Fill with Low Strength, FS = 1.0

Φ' = 34°

ΨKc=1 = 27°
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This analysis was performed to replicate existing slope failures as a check on:

- Drawdown analysis methodology; and
- Undrained and drained strength parameters.
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Filename

Brunner Island - Ash Basin #6 - Sta.21+80 - Rapid Drawdown (10 yr Flood)

This analysis was performed to replicate
existing slope failures as a check on:

- Drawdown analysis methodology; and

- Undrained and drained strength parameters.

This factor of safety greater than 1.0 concurs
with the lack of evidence of deep failure
surfaces at site.

Factor of safety: 1.142
Side force Inclination: -23.06 degrees

450
UNIT SHEAR PORE
NO.] DESCRIPTION WEIGHT STRENGTH PRESSURE
Cohesion: 2000.0 Piezometric
420 ! [Bedrock - Saturated| 160 Friction angle: 45 Line no. 1
2-Stage Linear
Native Soil - Intercept (Kc = 1):_1000'00 Piezometric
2 Saturated 130 Slope (Kc =1): 0.00 Line no. 1
Intercept (Kc = Kf): 0.00 ’
390 Slope (Kc = K.f): 30.00
2-Stage Linear
Embankment Fill - Intercept (Kc = _1): 0.00 Piezometric
3 Saturated 135 Slope (Kc = 1):28.70 Line no. 1
Intercept (Kc = Kf): 0.00 ’
360 Slope (Kc = Kf): 37.00
4 Embankment Fill - 125 Cohesion: 0.0 Piezometric
Moist Friction angle: 37 Line no. 1
2-Stage Linear
Clay Liner - Intercept (Kc = 1):_ 1000.00f b ometric
5 Saturated 130 Slope (Kc = 1): 0.00 Li 1
330 aturate Intercept (Kc = Kf): 0.00 | "€ N
Slope (Kc = Kf): 30.00
. . Cohesion: 0.0 Piezometric
6 | Clay Liner - Moist 130 Friction angle: 30 Line no. 1
7 Ash 20 Cohesion: 0.0 Piezometric
300 Saturated Friction angle: 30 Line no. 1
270
240
1
210
-160 -120 -80 -40 0

C:\PPL_AshBasin\Brunner_Analysis_2009\Analysis\Copy of Brunner Island_Ash Basin No.6_Sta.21+80_Drawdo\Time: 10:45:33
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This analysis was performed to replicate existing slope failures as a check on:

- Drawdown analysis methodology; and
- Undrained and drained strength parameters.
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This factor of safety greater than 1.0 concurs with the lack of evidence of deep failure surfaces at site.
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MAIN ANALYSES
NORMAL, SURCHARGE, 100-YEAR FLOOD, 500-YEAR FLOOD, AND
EARTHQUAKE LOADING CONDITIONS
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360

340

320

300

280

260

240

220

200

Brunner Island - Ash Basin No.6 - Sta. 21+80 - Normal

UNIT SHEAR PORE
NO.] DESCRIPTION WEIGHT| STRENGTH PRESSURE
1 |Bedrock - Saturated| 160 thg3|on: 2090'0 Plgzometrlc
Friction angle: 45| Line no. 1
° Native Soil - 130 Cohesion: 0.0 | Piezometric
Saturated Friction angle: 30| Line no. 1
3 Embankment Fill - 135 Cohesion: 0.0 | Piezometric
Saturated Friction angle: 37| Line no. 1
4 Embankment Fill - 105 Cohesion: 0.0 | Piezometric
Moist Friction angle: 37| Line no. 1
5 Clay Liner - 130 Cl}olhesion: O:O Pigzometric Deep Seated Failure
Saturated Friction angle: 30| Line no. 1
6 Clay Liner - 130 Cl}olhesion: O:O Piezometric FaCtor Of Safety: 1.412
Saturated Friction angle: 30| Line no. 1 . . .
. Ash 9 | _Cohesion: 0.0 | Piezometic Side force Inclination: -19.07 degrees
Saturated Friction angle: 30| Line no. 1
1)
-90 -60 -30 0 30 60 90 120

-120
Date:Filename: C:\PPL_AshBasin\Brunner_Analysis 2009\Analysis\Brunner Island_Ash Basin No.6 _Sta.21+80 NTime: 13:28:25
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Surcharge

375
UNIT SHEAR PORE
NO.|  DESCRIPTION {\ygigHT| STRENGTH |PRESSURE
Cohesion: 2000.0| Piezometric
350 1 |Bedrock - Saturated) 160 | i angle: 45| Line no. 1
5 Native Soil - 130 Cohesion: 0.0 | Piezometric
Saturated Friction angle: 30| Line no. 1
3 Embankment Fill - 135 Cohesion: 0.0 | Piezometric
Saturated Friction angle: 37| Line no. 1
4 Embankment Fill - 125 Cohesion: 0.0 | Piezometric
325 Moist Friction angle: 37| Line no. 1
5 Clay Liner - 130 Cohesion: 0.0 | Piezometric
Saturated Friction angle: 30| Line no. 1 .
6 Clay Liner - 130 Cohesion: 0.0 | Piezometric Deep Seated Failure
Saturated Friction gngle. 30 ITme no. 1 FaCtor Of Safety: 1 305
7 Ash 2 C_)o_he3|on: 0.0 Pu_azometrlc i : .
300 Saturated Friction angle: 30| Line no. 1 Side force Inclination: -19.12 degrees

- o

@
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225 i
200
120 90 60 30 0 30 60 90 120

DeFilename: C:\PPL_AshBasin\Brunner_Analysis_2009\Analysis\Brunner Island_Ash Basin No.6 Sta.21+80 SurcTime: 12:25:13
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Surcharge

375
UNIT SHEAR PORE
NO.] DESCRIPTION WEIGHT| STRENGTH PRESSURE
1 |Bedrock - Saturated| 160 g‘?h‘?‘S'O”: 2090'0 Piezometric
riction angle: 45| Line no. 1
350 o Native Soil - 130 Cohesion: 0.0 | Piezometric
Saturated Friction angle: 30| Line no. 1
3 Embankment Fill - 135 Cohesion: 0.0 | Piezometric
Saturated Friction angle: 37| Line no. 1
4 Embankment Fill - 125 Cohesion: 0.0 | Piezometric
Moist Friction angle: 37| Line no. 1
325 5 Clay Liner - 130 Cohesion: 0.0 | Piezometric
Saturated Friction angle: 30| Line no. 1 . .
| Clay Liner- 0| Cohesion: 0.0_| Piezometrc Deep Seated Failure, Alternate Failure Surface
Saturated Friction angle: 30| Line no. 1 .
—d : . Factor of safety: 1.306
7 Ash 2 C_Jo_he3|on. 0.0 | Piezometric . . .
300 Saturated Friction angle: 30| Line no. 1 Side force Inclination: -19.17 degrees

- o

@
-
225 i
200
120 90 60 30 0 30 60 90 120

DeFilename: C:\PPL_AshBasin\Brunner_Analysis_2009\Analysis\Brunner Island_Ash Basin No.6 Sta.21+80 SurcTime: 12:28:18
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Rapid Drawdown (100 yr Flood)

UNIT SHEAR PORE
NO.|  DESCRIPTION " |\yEigHT STRENGTH PRESSURE
1 |Bedrock - Saturated| 160 thgsmn: 2090'0 Pu_azometrlc
Friction angle: 45 Line no. 1
2-Stage Linear
. . Intercept (Kc = 1): 1000.00( . .
2 Ngg;ﬁastgg 130 Slope (Kc =1): 0.00 Pﬂ?;:r:stqc
Intercept (Kc = Kf): 0.00 '
Slope (Kc = Kf): 30.00
2-Stage Linear
. Intercept (Kc = 1): 0.00 . .
Embankment Fill - Piezometric
3 Saturated 135 Slope (Kc = 1): 28.70 Line no. 1 .
Intercept (Kc = Kf): 0.00 : Phreatic Surface:
Slope (Kc = Kf): 37.00 1: After rapid drawdown
4 Embankment Fill - 125 Cohesion: 0.0 Piezometric 2: Before rapid drawdown
Moist Friction angle: 37 Line no. 1
2-Stage Linear
5 Clay Liner - 130 Inteéclzggé(&%zu)):. 10088'00 Piezometric
Saturated Intercept (Kc = Kf): 0.00 Line no. 1
Slope (Kc = Kf): 30.00 .
e <h . _)0 ; — Deep Seated Failure
6 | Clay Liner- Moist | 130 ~onesion: b. lezometric
Friction angle: 30 Line no. 1 FaCtor Of Safety- 1 004
Ash Cohesion: 0.0 Piezometric . . .
/ Saturated 90 Friction angle: 30 Line no. 1 Side force Inclination: -21.37 degrees
e e
!‘Q‘QQ‘Q‘Q‘Q‘QQ‘Q‘QQ‘QQQQQQQQQQQQQQQQQQE IEI
!‘Q‘QQ‘Q‘Q‘Q‘QQ‘Q‘QQ‘QQQQQQQQQQQQQQQQQQ: il |
e e
!QQQQQQQ@:QQQQQQQQQQQQQQQQQQQ:
[y e e
[y S m e e e e
e
e e e
e
HLE R T G m R e n 5
\i)
-120 -80 -40 0 40 80 120

-160

ne: C:\\PPL_AshBasin\Brunner_Analysis_2009\Analysis\Brunner Island_Ash Basin No.6_Sta.21+80_ Drawdown_1(Time: 17:45:33

160

.0.UT4

E7


nseguin
Text Box
Deep Seated Failure

nseguin
Typewriter
Ash

nseguin
Text Box
E7


-
4
Ll
>3
-
O
@
Q
L
=
-
L
O
ol
J
<
Q.
Ll
2
-

Filena

450

420

390

360

330

300

270

240

210

Brunner Island - Ash Basin No.6 - Sta. 21+80 - Rapid Drawdown (100 yr Flood)

UNIT SHEAR PORE
NO.| DESCRIPTION g gt STRENGTH PRESSURE
1 |Bedrock - Saturated| 160 thgsmn: 2090'0 Pu_azometrlc
Friction angle: 45 Line no. 1
2-Stage Linear
. . Intercept (Kc = 1): 1000.00| . .
2 [ Native Sof 130 | Slope (Ke=1):000 [Fiezometric
Intercept (Kc = Kf): 0.00 '
Slope (Kc = Kf): 30.00
2-Stage Linear
- Intercept (Kc = 1): 0.00 ) .
g | EmeankmentFill-1 135 | Siope (ke = 1):28.70 | e2ometrc
Intercept (Kc = Kf): 0.00 ' Bhreatic Surf
Slope (Kc = Kif): 37.00 hrealic suriace:
4 | EmbankmentFill- [ Cohesion: 0.0 Piezometric 1: After rapid drawdown
Moist Friction angle: 37 Line no. 1 2: Before rapid drawdown
2-Stage Linear
5 Clay Liner - 130 Integlsggtta((ﬁ%==11)):. 10088'00 Piezometric
Saturated Intercept (Kc = Kf): 0.00 Line no. 1
Slope (Kc = Kf): 30.00 .
6 | Clay Liner - Moist 130 Cohesion: 0.0 Piezometric Shallow Failure
Friction angle: 30 Line no. 1 .
7 Ash 9 Cohesion: 0.0 Piezometric| . Factor _Of S_afety' 0.512
Saturated Friction angle: 30 Line no. 1 | Side force Inclination: -26.04 degrees
e e
!"Q‘Q‘Q‘Q‘Q‘QQQQQQQQQQQQQQQQQQQQQQQQE IEI
!"Q‘Q‘Q‘Q‘Q‘QQQQQQQQQQQQQQQQQQQQQQQQ: I—I
e e
!"Q‘Q‘Q‘QQQQ@:QQQQQQQQQQQQQQQQQQQ: \
[y e e
[y S m e e e e
e
e e e
e
HLE R T G m R e n 5
\i)
-120 -80 -40 0 40 80 120

-160

me: C:\PPL_AshBasin\Brunner_Analysis_2009\Analysis\Brunner Island_Ash Basin No.6_Sta.21+80 Drawdown_1(Time: 17:38:15
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Rapid Drawdown (500 yr Flood) -

UNIT SHEAR PORE
NO.| DESCRIPTION WEIGHT STRENGTH PRESSURE
Cohesion: 2000.0 Piezometric
1 |Bedrock - Saturated 160 Friction angle: 45 Line no. 1
2-Stage Linear
. . Intercept (Kc = 1): 1000.00| . .
2 [ Natve Sof 130 Slope (K= 1):0.00 | F/e2ometric
Intercept (Kc = Kf): 0.00 ’
Slope (Kc = Kf): 30.00
2-Stage Linear
. Intercept (Kc = 1): 0.00 . .
g | Embankmentfil- | 435 | Siope (ke=1):28.70 |F/o2ometre
Intercept (Kc = Kf): 0.00 ’
Slope (Kc = Kf): 37.00
4 Embankment Fill - 125 Cohesion: 0.0 Piezometric
Moist Friction angle: 37 Line no. 1
2-Stage Linear
5 Clay Liner - 130 Integ(l:ept ((KKC - 11)): 10088'00 Piezometric D Seated Fail
ope (KC=1). U. i ee eate alliure
Saturated Intercept (Kc = Kf): 0.00 Line no. 1 p
Slope (Ke = Kf): 30.00 Factor of safety: 1.006
Ash Cohesion: 0.0 Piezometric : : : .
6 Satmted 90 Friction ange: 30 Lmeno 1 | Side force Inclination: -18.07 degrees
A\
5
1
-120 -80 -40 0 40 80 120 160

-160

PL_AshBasin\Brunner_Analysis 2009\Analysis\Sensitivity Flood\Brunner Island Ash Basin No.6_Sta.21+80 DrawTime: 09:38:07
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Pseudostatic Seismic
- 450
UNIT SHEAR PORE Base Case
z NO.| DESCRIPTION WEIGHT STRENGTH PRESSURE
Cohesion: 2000.0 Piezometric _
m 1 |Bedrock - Saturated) 160 Friction angle: 45 Line no. 1 PGA = 0069
420 -
2-Stage Linear
. . Intercept (Kc = 1): 1000.00| . .
E 2 Né;;/uer;g! 130 Slope (K¢ = 1): 0.00 PL'?nzeor:fth
Intercept (K¢ = Kf): 0.00 '
: Slope (Kc = Kf): 30.00
U 390 2-Stage Linear
. Intercept (Kc = 1): 0.00 . .
3 Embg;‘ﬁ;ggﬁ” 135 Slope (Kc = 1): 28.70 PL'?nzeor:oeth
O Intercept (Kc = Kf): 0.00 '
Slope (Kc = Kf): 37.00
a 360 4 | Embankment Fill - 125 Cohesion: 0.0 Piezometric
Moist Friction angle: 37 Line no. 1
2-Stage Linear
. . Intercept (Kc = 1): 1000.00| . .
— | cmmer | o |Sag e 0 | emmens
} 330 Intercept (Kc = Kf): 0.00 ’
Slope (Kc = Kf): 30.00
H . . Cohesion: 0.0 Piezometric
6 | ClayLiner - Moist 130 Friction angle: 30 Line no. 1 FaCtOI’ Of Safety- 1 1 90
: 7 Ash 90 Cohesion: 0.0 Piezometric . . . ;
t l 300 Saturated Friction angle: 30 Line no. 1 Side force Inclination: -22.1 degrees
s -
Q. 240
LUl i
‘ I 210
: -160 -120 -80 -40 0 40 80 120 160
Filename: C:\PPL_AshBasin\Brunner_Analysis 2009\Analysis\Brunner Island_Ash Basin No.6 _Sta.21+80 PseudosTime: 13:05:12'4
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SENSITIVITY ANALYSES
(DEMONSTRATE EFFECTS OF CHANGING FILL STRENGTH,
FOUNDATION COHESION, AND
EMBANKMENT PHREATIC SURFACE)
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Normal

420
nol pEscripTion | UNIT SHEAR PORE Sensitivity Analysis
390 ‘ WEIGHT| STRENGTH |PRESSURE
Cohesion: 2000.0| Piezometric : : —
1 [Bedrock - Saturated| 160 Friction angle: 45| Line no. 1 Foundation Cohesion = 45 pSf
5 Native Soil - 130 Cohesion: 45.0 | Piezometric
Saturated Friction angle: 30| Line no. 1
360 5 | EmbankmentFill - | oo Cohesion: 0.0 | Piezometric
Saturated Friction angle: 37| Line no. 1
4 Embankment Fill - 125 Cohesion: 0.0 | Piezometric
Moist Friction angle: 37| Line no. 1
5 Clay Liner - 130 Cohesion: 0.0 | Piezometric
330 Saturated Friction angle: 30| Line no. 1
6 Clay Liner - 130 Cohesion: 0.0 | Piezometric
Saturated Friction angle: 30| Line no. 1 Factor Of Safety: 1 507
Ash Cohesion: 0.0 | Piezometric . . .
/ Saturated 90 | Friction angle: 30| Line no. 1 Side force Inclination: -18.75 degrees
300
T
S
s
T
B &
270 | 1iim E
D
Blonis i
Blni i
240
1
210
180
-160 -120 -80 -40 0 40 80 120 160

Filename: C:\PPL_AshBasin\Brunner_Analysis 2009\Analysis\Brunner Island Ash Basin No.6_Sta.21+80 NormalTime: 17:54:21
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Surcharge

375
UNIT SHEAR PORE Sensitivity Analysis
NO.|  DESCRIPTION {\ygigHT| STRENGTH |PRESSURE
Cohesion: 2000.0| Piezometric . . -
1 [Bedrock - Saturated| 160 Friction angle: 45| Line no. 1 Foundation Cohesion = 45 pSf
350 5 Native Soil - 130 Cohesion: 45.0 | Piezometric
Saturated Friction angle: 30| Line no. 1
3 Embankment Fill - 135 Cohesion: 0.0 | Piezometric
Saturated Friction angle: 37| Line no. 1
4 Embankment Fill - 125 Cohesion: 0.0 | Piezometric
325 Moist Friction angle: 37| Line no. 1
5 Clay Liner - 130 Cohesion: 0.0 | Piezometric
Saturated Friction angle: 30| Line no. 1
6 Clay Liner - 130 C_)o_hesion: 0.0 Pit_azometric
SatAurT]ted Fné:tl:n gnglg::O Plfme no.t1. FaCtor Of Safety: 1 402
s ohesion: 0. iezometric ! . .
300 ! Saturated %0 | Friction angle: 30] Line no. 1 Side force Inclination: -19.03 degrees

- o

l—
<
L
>3
-
O
®
-
LLJ
>
e
- -
O
ol
<
<
Q.
LL
')
-

@
-
225 i
200
120 90 60 30 0 30 60 90 120

Fllename: C:\PPL_AshBasin\Brunner_Analysis 2009\Analysis\Brunner Island Ash Basin No.6_Sta.21+80 SurcharcTime: 14:15:374
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a) 10-year flood (FS = 1.0, as shown in initial analyses)

Slope (Kc = Kif): 37.00

Phreatic Surface:
Embankment Fill - - Cohesion: 0.0 Piezometric 4 AfRor rarid Ao
4 Moist 125 Friction angle: 37 Line no. 1 1. After rapld_drawdcrwn
2-Stage Linear 2. Before rapid drawdown
o ntercept (Kc=1):1000.00( 5. ..
5 %3};:}:& 130 Slope (Ke = 1): 0.00 Pﬂfg'ﬁgt 1"
= Intercept (Kc = Kf): 0.00 :
Slope (Kc = Kf): 30.00
~ . . Cohesion: 0.0 Piezometric
6 ; r- M - N
& | ClayLine oist 130 Friction angle: 30 Line no. 1 Factor of safety: 1.006
- PR a Cohesion: 0.0 Piezometric . . .
7 | Ash-Saturated | 0 Frcionangie: 30| tneno 1 | Side force Inclination: -15.62 degrees
@
5
O
-160 -120 -80 -40 0 40 80 120 160

360

330
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b) 100-year flood (using same circle with FS = 1.0 from 10-year flood)

SIS L = . v
Slope (Kc = Ki): 37.00 - =
4 | Embankment Fill - 125 Cohesion: 0.0 Piezometric W‘ 1
Moist = Friction angle: a7 Line no. 1 - Aller rapid crawdaown
2-Stage Linear 2. Before rapid drawdown
v Liner - ntercept (Ke= 1) 1000.00 | 5o i
5 %’:%J;'.':Z; 130 Slope (Kc = 1): 0.00 Pl_'“rf:'r?g[ 1"
=l Intercept (Kc = Kf): 0.00 :
Slope (Kc = Kf): 30.00
e e b g Cohesion: 0.0 Piezometric
& | Clay Liner- Moist | 130 Friction angle: 30 Line no. 1 Factor of Safety' 0.829
- e . Cohesion: 0.0 Piezometric . . . o
7 | Ash-Satrated | S0 Froionange'30 | tneno 1 | Side force Inclination: -20.19 degrees
4
®
-160 -120 -80 -40 0 40 80 120 160

360

330

300

270

240

210

c) 500-year flood (using same circle with FS = 1.0 from 10-year flood)

. InteF:e_ﬁ{ ljaK-c_=' -‘.-:' . o - _
3 Embg;:tm;gy: f 135 Slope (Kc = 1 L'ﬁf:w:tqb Phreatic Surface:
Intercept ) : 1. After rapid drawdown
Slope (Kc = Ki): 37.00 2. Before rapid drawdown
4 | Embankment Fill - 125 Cohesion: 0.0 Piezometric
Moist Friction angle: 37 Line no. 1
2-Stage Linear
- Clay Liner - 130 '”‘eg'lep‘ ".K"f ”.'_ 1000.00 Piezometric
= Saturated Slope (Kc= 1):0.00 Line no. 1
"|t9'cep_t Kf): 0.00
Slope (Ke = Kf): 30.00 Factor of safety: 0.759
- o Cohesion: 0.0 Piezometric : H ; -
6 | Ash-Satrated | 90 Eriction angle: 30 Lreno.1 | Side force Inclination: -23.39 degrees
[2]
/QL\.\\~ )
® B s SO
5
-160 -120 -80 -40 0 40 80 120 160
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US EPA ARCHIVE DOCUMENT

PL._AshBasin\

Brunner Island - Ash Basin No.6 - Sta. 21+80 - Rapid Drawdown (100 yr Flood)

450
UNIT SHEAR PORE Sensitivity Analysis
NO.| DESCRIPTION WEIGHT STRENGTH PRESSURE
Cohesion: 2000.0 Piezometric . .
420 Bedrock - Saturated| 160 Friction angle: 45 Line no. 1 Embankment Fill with Low Strength
2-Stage Linear
Native Soil - Intercept (Ke = 1): 1000.00 pie ) o metric Q' =34°
Saturated 130 Slope (Kc = 1): 0.00 Line no. 1
Intercept (Kc = Kf): 0.00 '
390 Slope (Kc = Kf): 30.00 Wioet = 27°
2-Stage Linear
Embankment Fill - Intercept (Kc = ,1): 0.00 Piezometric
Saturated 135 Slope (Kc = 1): 27.00 Line no. 1
Intercept (Kc = Kf): 0.00 '
360 Slope (Kc = Kf): 34.00
Embankment Fill - 125 Cohesion: 0.0 Piezometric
Moist Friction angle: 34 Line no. 1
2-Stage Linear
Clay Liner - Intercept (Kc = 1):, 1000.00) pic/ometric
330 Saturated 130 Slope (Kc = 1): 0.00 Line no. 1
Intercept (K¢ = Kf): 0.00 '
Slope (Kc = Kf): 30.00
. . Cohesion: 0.0 Piezometric
Clay Liner - Moist 130 Friction angle: 30 Line no. 1 FaCtor Of Safety- 1 002
Ash Cohesion: 0.0 Piezometric . . .
300 Saturated % Friction angle: 30 __| Line no. 1 Side force Inclination: -21.2 degrees
270 | BedDeceaseaiais e
240
1
210
-160 -120 -80 -40 0 40 80 120 160

Brunner_Analysis_2009\Analysis\Sensitivity Embankment Strength\Brunner Island_Ash Basin No.6_Sta.21+80_DiTime: 17:16:16
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US EPA ARCHIVE DOCUMENT

Brunner Island - Ash Basin No.6 - Sta. 21+80 - Rapid Drawdown (100 yr Flood)

450
UNIT SHEAR PORE Sensitivity Analysis
NO.| DESCRIPTION WEIGHT STRENGTH PRESSURE
Cohesion: 2000.0 Piezometric . . .
420 {| 1 |Bedrock - Saturated| 160 Friction angle: 45 Line no. 1 Embankment Fill with Cohesion
2-Stage Linear
. . Intercept (Kc = 1): 1000.00| . . '=37°
2 Nggﬁ ;gg 130 Slope (Kc = 1):0.00 PL'?;;):Oetqc =3
Intercept (Kc = Kf): 0.00 '
390 Slope (Kc = Kf): 30.00 l.|JKc=1 = 28°
2-Stage Linear
o Intercept (Kc = 1): 288.00 | . .
g | Embankmentfil- | 435 | Siope (Kc=1):28.00 |F/o2ometre
Intercept (Kc = Kf): 0.00 ’
360 Slope (Kc = Kf): 37.00
4 Embankment Fill - 125 Cohesion: 0.0 Piezometric
Moist Friction angle: 37 Line no. 1
2-Stage Linear
. Intercept (Kc = 1): 1000.00| . .
Clay Liner - Piezometric
330 5 Sa)t/urated 130 Slope (Kc =1): 0.00 Line no. 1
Intercept (Kc = Kf): 0.00 '
Slope (Kc = Kf): 30.00
. . Cohesion: 0.0 Piezometric
6 | Clay Liner - Moist 130 Friction angle: 30 Line no. 1 Factor of Safety: 1.274
Ash Cohesion: 0.0 Piezometric . . . .
300 117 | saturated 20 Fricion angle: 30| Lineno.1 | Side force Inclination: -22.52 degrees
270 e
240
1
210
-160 -120 -80 -40 0 40 80 120 160

PL._AshBasin\

Brunner_Analysis _2009\Analysis\Sensitivity Embankment Strength\Brunner Island_Ash Basin No.6 Sta.21+80 DiTime: 16:46:09
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Rapid Drawdown (100 yr Flood-lo
420 UNIT SHEAR PORE
'_ no.| DpescripTion | UNIT SHEAR PORE NO.| DESCRIPTION |\ gigHT STRENGTH PRESSURE
WEIGHT STRENGTH PRESSURE — - -
on- : - 1 |Bedrock - Saturated| 160 Cohesion: 2000.0 Piezometric
1 |Bedrock - Saturated| 160 |Cohesion: 2000.0| Piezometric Friction angle: 45 Line no. 1
Friction angle: 45| Line no. 1 -
m Native Soil - Cohesion: 0.0 | Piezometric Int 2—tSEige L1|r)1e$(r)00 00
- U . . ntercept (Kc = 1): . . )
390 2 Saturated 130 | Friction angle: 30| Line no. 1 2 Native Soil - 130 Sloge (Ke =1):0.00 Plezometric
E 3 Embankment Fill - 135 Cohesion: 0.0 | Piezometric Saturated Intercept (Kc = Kf): 0.00 Line no. 1
Saturated Friction angle: 37| Line no. 1 Slope (Kc = Kf): 30.00
: 4 | EmbankmentFill - [ Cohesion: 0.0 | Piezometric 2-Stage Linear
360 MOIISI Friction .angle. 37 Flne no. 1 Embankment Fill - Intercept (Kc = _1)3 0.00 Piezometric
‘ ’ 5 Clay Liner - 130 Cohesion: 0.0 | Piezometric 3 datdratdd 135 Slope (Kc = 1): 28.70 Line no. 1
Saturated Friction angle: 30| Line no. 1 Intercept (Kc = Kf): 0.00 ’
) . Cohesion: 0.0 | Piezometric Slope (Kc = Kf): 37.00
O 6 | ClayLiner-Moist | 130 [ -c angle: 30| Line no. 1 . /EfoankméQt Fil - {05 Cohesion: 0.0 Piezometric
Cohesion: 0.0 | Piezometric Moist Friction angle: 37 Line no. 1
a 330 7 Ash - Saturated 90 Friction angle: 30| Line no. 1 / AN 2-Stage Linear
‘- Intercept (Kc = 1): 1000.00 Piezometric
130 Slope (Kc = 1): 0.00 .
m F t f f t . 1 005 d Intercept (Kc = Kf): 0.00 Line no.
} actor ot sarety. 1. Slope (K¢ = Kf): 30.00
300 | Side force Inclination: -21.69 degree L i i Cohesion: 0.0 Piezometric
’ ’ g 6 | Clay Liner -|Voist 130 Friction angle: 30 Line no. 1
- =2—3 = 1L i Cohesion: 0.0 Piezometric
: .ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ:‘iﬁﬁﬁﬁﬁ ' Ash - Satufated &) Friction angle: 30 Line no. 1
|
| @
| L cininn i niid s o
U 270 | I R
|
el niiicEnninn i s o
BlEiii s cininn et @ a
| v,
m o -2 .
q 240 L LIS GRERDDERRLREERRREEE RN
q |Sensitivity Analysis
0 210 \Lower Initial Phreatic Surface
180
: -160 -120 -80 -40 0 40 80 120 160
gs\fabedzadeh\Desktop\Dam-Brunner-Island\T-DRIVE\CALC-WORK\CHECK\ADDED-ANALYSIS\Brunner Island_Ash Basin NoTime: 12:54:58rawdown_100yrFIc
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Rapid Drawdown (100 yr Flood)

UNIT SHEAR PORE UNIT SHEAR PORE
NO| DESCRIPTION |weiGHT| STRENGTH |PRESSURE| |NO:| DESCRIPTION WEIGHT STRENGTH PRESSURE
Cohesion: 2000.0| Piezometric Cohesion: 2000.0 Pi i
1 |Bedrock - Saturated| 160 - . . ohesion. . iezometric
Friction angle: 45| Line no. 1 1 |Bedrock - Saturated] 160 Friction angle: 45 Line no. 1
5 Native Soil - 130 Cl)olhesion: 0.0 | Piezometric 2-Stage Linear
Saturated Friction angle: 30| Line no. 1 Native Soil - Intercept (Kc = 1): 1000.00 Piezometric
3 Embankment Fill - 135 Cohesion: 0.0 | Piezometric 2 Saturated 130 Slope (Kc = 1): 0.00 Line no. 1
Saturated Friction angle: 37| Line no. 1 Intercept (Kc = Kf): 0.00 '
4 | EmbankmentFill - [ Cohesion: 0.0 | Piezometric Slope (Kc = Kf): 30.00
Moist Friction angle: 37| Line no. 1 2-Stage Linear
Clay Liner - Cohesion: 0.0 | Piezometric Embankment Fill - Intercept (Kc = 1): 0.00 Piezometric
5 Saturated 130 | Eriction angle: 30| Line no. 1 3 Saturated '/ 1Bb I Slope (K(C;(= 1);(?—)8-0780 Line no. 1
. . Cohesion: 0.0 | Piezometric / ntercept (Ke = Ki): 0.
6 | Clay Liner - Moist 130 Friction angle: 30| Line no. 1 . Slope (KC.: Kf): 37.00 : .
7 Stabl-Fill - 90 Cohesion: 0.0 | Piezometric 4 Emban’Wll / 1P5 FC_)o_hee‘,lon:IO:O 7 Pll_ezometr1|c
Saturated Friction angle: 30| Line no. 1 ' riction angle: 3 Ine no.
2-Stage Linear
FaC’[Ot’ Of Safety: 0921 lay Liner - Intercept (Kc = 1):.1000'00 Piezometric
; ; ; . 5 Saturated 180 Slope (Kc =1): 0.00 Line no. 1
Side force Inclination: -20.43 degrees Intercept (Kc = K): 0.00
e Slope (Kc = Kf): 30.00
cﬁﬁ;m;ﬁﬁ;ﬁmﬁf&ﬁﬁﬁmmﬁfﬁﬁﬁmmﬁﬁﬁmaQﬁk g Liner - V\%}isl 180 Qo.heSion: O:O Pi.ezomemc
ey 2 ' Ericjongnale. 30 | Linggo. |
A > Cehesipn: 00 iezdmetric
e 1l i Frigiongnaig: 30 |/'Lind no 1
|
el niiicEnninn i s o
BlEiii s cininn et @ /
|
o %
- [Sensitivity Analysis
—Higher Initial Phreatic Surface |
-120 -80 -40 0 40 80 120 160

ssktop\Dam-Brunner-Island\T-DRIVE\CALC-WORK\CHECK\ADDED-ANALYSIS\Brunner Island_Ash Basin No.6 {Time: 14:31:30

down_100yrFlood_
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Rapid Drawdown (500 yr Flood-hi
h 450
z Sensitivity Analysis
UNIT SHEAR PORE
1| 420 NO.| DESCRIPTION |weigHT STRENGTH PrRessURE|  Embankment Fill with Cohesion
Cohesion: 2000.0 Piezometric
E 1 |Bedrock - Saturated| 160 Friction angle: 45 Line no. 1 ' o
2-Stage Linear ¢'=37
. . Intercept (Kc = 1): 1000.00| . :
Native Soil - Piezometric
2 130 Sl Kec =1):0.00 ) —_ o
: 390 Saturated Integ:%%t((igc _ })«): 0.00 | Lineno.1 Wye=1 = 28.7
U Slope (Kc = Kf): 30.00
2-Stage Linear
o ) Intercept (Kc = 1): 288.00 | . :
Embankment Fill - Piezometric
3 135 Slope (Kc = 1): 28.00 :
n 360 Saturated Intercept (Kc = Kf): 0.00 Line no. 1
Slope (Kc = Kf): 37.00
4 Embankment Fill - 125 Cohesion: 0.0 Piezometric
m Moist Friction angle: 37 Line no. 1
2-Stage Linear
. Intercept (Kc = 1): 1000.00| . . |
} 330 1| s | GlayLiner- 130 | Slope (Kc=1):0.00 | Fiezometric
H aturate Intercept (Kc = Kf): 0.00 ine no. / .
Slope (Kc = Kf): 30.00 egp Seated Failure
Stabl-Fill - Cohesion: 0.0 PiezomejuC .
: 300 6 Saturated 90 Friction angle: 30 Line pd. 1 . Fagto _Of S_afety' 1.197
(@ Side force |nclination: -22.54 degrees
-:I 270 ® © I\
< -
o ez 5 -
n 240
L i
",
:‘ -160 -120 -80 -40 0 40 80 120 160
esktop\Dam-Brunner-Island\T-DRIVE\CALC-WORK\CHECK\ADDED-ANALYSIS\Brunner Island_Ash Basin No.6_Time: 18:12:25vdown_500yrFlood
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Rapid Drawdown (500 yr Flood-hi

270

240

210
-160 -120 -80 -40 0 40 80 120 160

h\Desktop\Dam-Brunner-Island\T-DRIVE\CALC-WORK\CHECK\ADDED-ANALYSIS\Brunner Island_Ash Basin NoTime: 18:09:43rawdown_500yrFI

Sensitivity Analysis
z UNIT SHEAR PORE o )
NO.|" DESCRIPTION "\ gigHT STRENGTH PRESSURE Embankment Fill with Cohesion
m 420 Cohesion: 2000.0 Piezometric
1 |Bedrock - Saturated| 160 Friction angle: 45 Line no. 1 ®' = 37°
E 2-Stage Linear
. - Intercept (Kc = 1): 1000.00( . )
- 2| “Saurmed | 13 |  Sope(kc=1:o00 -|FETONS Wous = 28.7°
390 Intercept (Kc = Kf): 0.00 : c=
‘ ’ Slope (Kc = Kf): 30.00
2-Stage Linear
o 3 | Embankment Fill - 135 Intselrgsgt(géc::ﬂ).):2%83(.)00 Piezometric
360 Saturated Intercept (Kc = Kf): 0.00 Line no.
n Slope (Kc = Kf): 37.00
4 Embankment Fill - 125 Cohesion: 0.0 Piezometric
Moist Friction angle: 37 Line no. 1
m 2-Stage Linear
} 330 5 Clay Liner - 130 Inteécl:gg; ((}:((3:2:11)):' 10088'00 Piezometric
Saturated | o Line no. 1
ntercept (Kc = Kf): 0.00 .
-l Slope (Kc = Kf): 30.00 Shallow Failure
: 6 Stabl-Fill - % Cohesion: 0.0 ie(z(metric ctor of safety: 0.824
Saturated Friction angle: 30 ne no. 1 . . .
U 300 Side force\Inclination: -26.35 degrees
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Client: Pennsylvania Power & Light
Project: Brunner Ash Basin Slope Stability Analysis
Subject: Slope Stability - Sensitivity Analysis - Closure, Dewatering & Flood

Load Case: Rapid Drawdown

Mate riaI Ymoist 'Ysat C‘ ¢ ' ch=1 ‘VKL:I

Types (pcf) (pcf) (pcf) (pcf) (pcf) (pcf)

Embankment Fill 125 135 0 37.0 0 28.7
Native Soil --- 130 0 30.0 1000 0
Clay Liner 130 130 0 30.0 1000 0
Ash 90 90 0 30.0 --- ---

Note: die=kf = €' Wke=kf = '

Factor of Safety Comparison
(Use slip surface with FS = 1.0 for 10 yr flood rapid drawdown load case as reference)

Ash Basin | Ash Basin Phreatic
Closure | Dewatering| Flood | Surface FS
No No 100yr | Original 0.83
No No 500yr | Original 0.76
Yes No 100yr High 0.83
Yes No 500 yr High 0.76
Yes Yes 100yr Low 0.83
Yes Yes 500 yr Low 0.76

Slip Surface Extend Comparison
(Use slip surfaces with FS = 1.0 for for comparison)

Ash Basin | Ash Basin Phreatic Slip Surface
Closure | Dewatering | Flood | Surface Extend

No No 100yr | Original |Crest (width: 1.0ft), slope (max height: 7 ft), and foundation (surficial)
No No 500yr | Original [Upstream slope (Width: 1 ft), crest (All, width: 15 ft), and downstream slope (Max height: 14.5 ft)
Yes No 100yr High [Crest (width: 0.5 ft), slope (max height: 7 ft), and foundation (surficial)
Yes No 500 yr High |Upstream slope (Width: 0.5 ft), crest (All, width: 15 ft), and downstream slope (Max height: 13.5 ft)
Yes Yes 100yr Low [Slope (max height: 7 ft), and foundation (surficial)
Yes Yes 500 yr Low [Crest (All, width: 14.5 ft), and downstream slope (Max height: 13.5 ft)

High: Ash basin water table is assumed at ash basin surface (Elev. 286.0)

Low: Ash basin watertable is assumed near native ground surface (Elev. 268.3)

Conclusion
1. Dewatering of the ash basin will not improve the stability of the embankment under rapid drawdown loading.
2. Rapid drawdown stability is governed by the flood level which controls the downstream slope phreatic surface.
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Factor of Safety Comparison
(Use slip surface with FS = 1.0 for 10 yr flood rapid drawdown load case as reference)

450
o UNIT SHEAR PORE
NO.| DESGRIPTION |y EigHT STRENGTH PRESSURE
— Cohesion: 2000.0 Piezometric
420 ! |Bedrook - Saturated| 160 Friction angle: 45 Line no. 1
2-Slage Linear
. Intercept (Kc = 1): 1000.00 -
2| Mamest | e "o i
= ntercept (Kc = Kf): 0.00
390 Slope (Kc = Ki): 30.00
2-Stage Linear
— Intercept (Kc = 1): .
o | Eonammern| s | 505 e
= Intercept (K
360 Slope (Kc = Ki) B R
Embankment Fill - . Cohesion: 0.0 Piezometric g -
4 Moist = Friction angle: 37 Line no. 1 ; Sﬁ?r rap|d_3rswdw%wn
2-Slage Linear o SIS I E =R T
Intercept (K -
ag0 || 5| onaes | 190 | Sepe ity
= ntercept (Kc = Kf): 0.00
Slope (Kt = Ki): 30.00
. Cohesion: 0.0 Piezometric
B | ClayLiner-Moist | 130 Friction angle: 30 Line no. 1 Factor of safety: 0.829
. - Cohesion: 0.0 Piezometric . . . o
I 300 || 7| Ash-Sawraed | =0 Frctonange:so | Lineno.1 | Side force Inclination: -20.19 degrees
Z 270 0
E -
-160 -120 -80 -40 0 40 80 120 160
U Existing condition — 100 yr flood
: 450
. UNIT SHEAR PORE
42p (NO| DESCRIPTION e oy STRENGTH PRESSURE
Cohesion: 2000.0 Piezometric
ck - S
m I |Bedrock - Saturated 160 Friction angle: 45 Line no. 1
2-Stage Linear
R Intercept (KC = 1):1000.00 | 5. .
390 || 2 “g;';frigg' 130 Slope (Kc= 1):0.00 PL'“nszo‘lf
Intercept (Kc = Ki): 0.00 .
H Slope (Kc = Ki): 30.00
2-Stage Linear
Intercept (Kc = 1): 0.00 R _
3g0 || 3 | EFMENmENFN -] 435 | siope (ke-1:ze7o | FEzometne Phreatic Surface:
Intercept (Kc = Ki): 0.00 o 1. After rapid drawdown
Slope (Kc = Kf): 37.00 2. Before rapid drawdown
4 | EmbankmentFil- | ¢ Cohesion: 0.0 Piezometric
Moist - Friction angle: 37 Line no. 1
330 2-Stage Linear
Intercept (K¢ = 1): 1000.00 | o
m 5| Gy Lner- 130 Siope (Kc= 1):0.00 | ezometnc
Intercept (Kc = Ki): 0.00 .
Slope (Kc = K): 30.00 Factor of safety: 0.759
Cohesion: 0.0 Piezometric H H H .
300 (| & | Ash-Satuated | 90 Erietion anaie. 30 neno 1 | Side force Inclination: -23.39 degrees
[2]
LT
< 270 ®
L)
-160 -120 -80 -40 ] 40 80 120 160

Existing condition — 500 yr flood
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Factor of Safety Comparison
(Use slip surface with FS = 1.0 for 10 yr flood rapid drawdown load case as reference)

450
. UNIT SHEAR PORE
Mo DESCRIPTION 'WEIGHT STRENGTH PRESSURE]|
- Cohesion: 2000.0 Piezometric
420 1 |Bedrock - Saturated| 160 Friction anale: 45 Ling no. 1
2-Stage Linear
Intercept (Kc = 1): 1000.00
Native Soil - p B Piezometric
2 Saturated 130 Slope ‘Kg ]k 0.00 Line no. 1
380 30.
Linear
5 | EmbankmentFil- | oo g?);:p-'t (Ko= 12'80'7063 Piezometric
Saturated Intercept (Kc = Kf): 0.00 | LiMeno-1
360 Slope (Kc = Kf): 37.00
4 Embankment Fill - 125 Cohesion: 0.0 Piezometric
Moist Friction angle: 37 Line no. 1
2-Stage Linear Phreatic surface:
Flay - Intercept (Kc = 1): 1000.00 . 1. After rapid drawdown
- Clay Liner - . o Piezometric
330 5 . 130 Slope (Kc = 1): 0.00 i
Saturated Intercept Kn-oop | Lneno.t 2. Before rapid drawdown
Slope (Ke = Ki): 30.00
Liner_ Cohesion: 0.0 Piezometric
6 | Clay Liner - Moist 130 Friction angle: 30 Line no. 1 .
300 7 | Ash- saturated . Cohesion: 0.0 Piezometric Factor of safety: 0.829
F Pocionangiecso L Uneno 1) Side force Inclination: -20.19 degrees
Z 270 @)
E “
-160 -120 -80 -40 0 40 80 120 160
U After basin closure without dewatering — 100 yr flood
a N
- UNIT SHEAR FORE
NO.| DESCRIFTION |weigHT STRENGTH PRESSURE
~ Cohesion: 2000.0 Piezometric
420 1 |Bedrock - Saturated| 160 Friclion anale: 45 Line no. 1
2-Stage Linear
s Nafive Soil - . Intercept (KC = 1): 1000.00| e
Saturated Line no. 1
390
H Embankment Fill - Piezometric
3 Saturated 155 Line no. 1
I 360 Slope (Kc = Kf): 37.00
4 | EmbankmentFill- [, Cohesion: 0.0 Piezometric
Moist Friction angle: 37 Line no. 1
U | “2'31?539 Linear Phreatic surface:
_ Clay Liner - niercept {Ke = 1): 1000.00) piazometric 1. After rapid drawdown
330 5 Saturated 130 Slope (Kc=1): 0.00 Line no. 1 A
Intercept { Kf): 0.00 . 2. Before rapid drawdown
Slope (Kc = Ki): 30.00
ner Cohesion: 0.0 Piezometric
6 | Gy Uiner-Most | 190 Frclonangeizo | L o | Factor of safety: 0.759
- . ohesion: 0.0 iezometric . . L
300 || 7| Ash-sawraed | so Friction angle: 30| Lneno. 1 | Side force Inclination: -23.39 degrees
2
q 270 @)
o 2 RS
L
: -160 -120 -80 -40 ] 40 80 120 160

After basin closure without dewatering — 500 yr flood
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Factor of Safety Comparison
(Use slip surface with FS = 1.0 for 10 yr flood rapid drawdown load case as reference)

450

420

390

360

330

300

270

240

210

450

420

390

360

330

300

270

240

210

arnp UNIT SHEAR PORE
NO| DESCRIPTION WEIGHT] STRENGTH PRESSURE|
. Cohesion: 2000.0 Piezometric
1 (Bedrock - Saturated| 160 Friction anale: 45 Line no. 1
2-Stage Linear
. Intercept (Kc = 1): 1000.00 i
p | MNaweSl- 130 Slope (Ko = 1):0.00 | FleZomeic
Intercept (Kc = Kf): 0.00 -
Slope (Kc = Kf): 30.00
2-Siage Linear
ar ntercept (Ke =1y 000 | . i
3 | EMPATKMENEI-| 135 | Siope (Ko 1):2870 | FiEZOMeNc
Intercept (Ke = Kf): 0.00 -
Slope (Kc = Kf): 37.00
4 Embankment Fill - 125 Cohesion: 0.0 Piezometric
Moist Friction angle: 37 Line no. 1
2-Stage Linear = =
Clay Liner - Intercept (Kc = 1): 1000.00( b Phreatic surface:
5 Sa‘tivatec 130 Slope (Kc = 1):0.00 Lneno. 1 1. After rapid drawdown
Intercept (Kc = Ki): 0.00 : 2. Before rapid drawdown
Slope (Kc = Kif): 30.00
- Cohesion: 0.0 Piezometric
B | Clay Liner - Moist | 130 Friction angle: 30 Line no. 1
- 4 Cohesion: 0.0 Piezometric
7 | Ash-Saluraled = Friction angle: 30 Line no. 1 Factor of safety' 0.834
s Ash - Moist 90 Cohesion: 0.0 Piezometric . A . T
i ° Frcion angle:so___| Lineno. 1 | Side force Inclination: -19.96 degrees
-160 -120 -80 -40 0 40 80 120 160
After basin closure with dewatering — 100 yr flood
ONIT SHEAR PORE
< o
NO.| DESCRIPTION WEIGHT STRENGTH PRESSURE
— ~ Cohesion: 2000.0 Piezometric
| |Bedrock - Saturated) 180 Friction angle: 45 Line no. 1
2-Slage Linear
— intercept (Kc = 1): 1000.00 in
2 | Matvesol 190 | Siope(kc=1):000 | Zomenc
S Intercept (K¢ = Kf): 0.00 -
Slope (Kc = Ki): 30.00
2-Slage Linear
Intercept (Kc= 1): 0.00 .
3 ETDfa”;;;:‘dF' BERES Slope (Kc = 1): 2870 Pﬁgﬁ;"f
= . Intercept (Kc = Kf): 0.00 .
Slope (Kc = Kf): 37.00
4 Embankment Fill - 25 Cohesion: 0.0 Piezometric
Moist = Friction angle: 37 Line no. 1
2-Stage Linear
Saturated Intercapt (Kc = kf]' 0.00 Line no. 1 Phreatic su_rfaoe:
Slope (Kc = Kf): 30.00 1. After rapid drawdown
. Cohesion: 0.0 Piezometric 2. Before rapid drawdown
& | Clay Linar - Moist 1=0 Friction angle: 30 Line no. 1
. - o Cohesion: 0.0 Piezometric
7 | Ash-Saturated =0 Fricfion angle: 30 Line no. 1 Factor of Safety' 0.759
. - Cohesion: 0.0 Piezometric . . . .
B | Ash-Moist 90 Fricion angle:30__| Lineno.1_| Side force Inclination: -23.39 degrees
-160 -120 -80 -40 0 40 80 120 160

After basin closure with dewatering — 500 yr flood
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Slip Surface Extend Comparison
(Use slip surfaces with FS = 1.0 for comparison)

450
- = UNIT SHEAR PORE
NO.| DESCRIPTION WEIGHT STRENGTH PRESSURE
ok . S - Cohesion: 2000.0 Piezometric
420 1 |Bedrock- Saturated| 160 Friction angle: 45 Line no. 1
2-Stage Linear
5 Native Soil - 120 Imeéﬁcepp:}}?(c = chg.ua Piezometric
Saturated niercept #-0.00 | Lnena.i
390 Slope (Kc = Kf): 30.00
2-Stage Linear
5 | Embankment Fill- | . Intercept (Ke= 1): 0.00 | by o matric
- Saturated - Line no. 1 Bhreatic Surface:
360 1: After rapid drawdown
, | EmbankmentFill- [ Piezometric 2: Before rapid drawdown
Maoist - Friction angle: 37 Line no. 1
2-Stage Linear
Intercept (K¢ = 1): 1000.00| .
Clay Liner - e 11 Piezometric
5 130 Slope (Ke=1): .
330 Saturated ntercept Y Line no. 1
Slope (Kc = Kif): 30.00
. Gohesion: 0.0 Piezometric
& | ClayLiner- Moist | 130 Friction angle: 30 Ling no. 1 Factor of safety: 1.004
- | Ash - Saturated Cohesion: 0.0 Piezometric . . . .
I 300 {17 d Friction angle: 50| Line no_1 Side force Inclination: -21.37 degrees
2
270 @)
E -
: 210
-160 -120 -80 -40 0 40 80 120 160
o Existing condition — 100 yr flood
n “0
0 a UNIT SHEAR PORE
m NO.| DESGRIPTION |weigHT STRENGTH PRESSURE
ok S - Cohesion: 2000.0 Piezometric
1 |Bedrock - Saturated| 160 Friction angle: 45 Line no. 1
400 2-Stage Linear
. Native Soil - 130 ! Piezometric
= Saturated = Line no. 1
H Slope (Ke = Kf): 30.00
2-Stage Linear
Intercept (K
Embankment Fill - Piszometric
: 360 1] 3 Saturated 135 Line no. 1
Embankment Fill- | Gohesion: 0.0 Piszometric i
- Moist - Friction angle: 37 Line no. 1 1. After rapid drawdown
2-Stage Linear . -
Clay L Intercept (KC = 1): 1000.00 . 2. Before rapid drawdown
320 1| = ay Liner - 130 Slope (Ko= 1):000 | ieZometric
Saturated ntercept - 0.00 Line no. 1
Slope (Kc = Ki): 30.00 Factor of safety: 1.006
- Cohesion: 0.0 Piezometric : H : .
6 | Ash-Saturated | gp Friction angle: 30 Lneno 1 | Side force Inclination: -18.07 degrees
q 280
v
@
200
’ -160 -120 -80 -40 0 40 80 120 160

Existing condition — 500 yr flood
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Slip Surface Extend Comparison
(Use slip surfaces with FS = 1.0 for comparison)

450
o UNIT SHEAR PORE
NO.| DESCRIFTION |\yeiapr STRENGTH PRESSURE]
N Cohesion: 2000.0 Piezometric
420 1 |Bedrock - Safurated| 160 Friction angle: 45 Line no. 1
2-Stage Linear
2 Native Soil - 130 I"lteé:ggé:}}(}(%:}];l:_ WDDgUD.OC Piezometric
Saturated Imercep{ (Kc = Ki): 0.00 Line no. 1
380
Embankment Fill - Piezometric
3 Saturated 135 _ Line no. 1
360 Slope (Ke = Kf):
o | EmpankmentFil- | o Cohesion: 0.0 Piezometric ]
Maoist Friction angle: 37 Line no. 1 Phreatic surface:
it 2-‘[51_?;39 Li@éfgm . 1. After rapid drawdown
— ntercept (Kc = 1): . i .
330 s CSI?{UI:;SG 130 Siope (Ko = 1): 0.00 Teﬁ:l;]ngl :V 2. Before rapid drawdown
Intercept (Ke = Kf): 0.00 -
Slope (Kc = Kf): 30.00
- Cohesion: 0.0 Piezometric
& | Clay Liner - Moist | 130 Friction angle: 30 Line no. 1 Factor of safety: 1.006
B . Cohesion: 0.0 Piezometric : : F
I 300 || 7 | Ash-Saturated | <0 Friction anaie: 30 Lreno.1 | Side force Inclination: -21.37 degrees
z 270 @)
E -
l 210
-160 -120 -80 -40 0 40 80 120 160
0 After basin closure without dewatering — 100 yr flood
. UNIT SHEAR PORE
MNO.| DESGRIPTION |\ igHT STRENGTH PRESSURE
k- S - Cohesion: 2000.0 Piezometric
m 420 I |Bedrock - Saturated) 160 Friction angle: 45 Line no. 1
2-Stage Linear
Intercept (Kc = 1): 1000.00
} 5 héan\.'esawl- 130 S\cEeEKT:: 1|]-nan Piezometric
Saturated K- oop | Linene.t
H 390 Kf): 30.00
2-Stage Linear
. Intercept (Ke = 1): 0.00 :
Embankment Fill - el - Fiezometric
3 Saturated 135 SD,EEIK": 1): 28.70 Line no. 1
: ntercey
360 Slope |
4 | EmbankmentFill - [, o Cohesien: 0.0 Piezometric _
Moist - Friction angle: 37 Ling no. 1 Phreatic surface:
2-Stage Linear 1. After rapid drawdown
; Intercept (K = 1): 1000.00 | 2 Bef e
Clay Liner - e Piezometric - ore rapia dr oW
m 330 s Saturated 130 Slape (Kc Line no. 1
Interce;
Slope
. Cohesion: 0.0 Piezometric
q & | ClayLiner- Moist 120 Friction angle: 30 Line no. 1 Factor of safety' 1.003
300 B i Cohesion: 0.0 Piezometric . . \ L
7 | Ash-Saluraled | 90 Frictionangle:so | Lneno.1 | Side force Inclination: -18.07 degrees
2
1
o 1 B
@
L ”
210
I -160 -120 -80 -40 0 40 80 120 160

After basin closure without dewatering — 500 yr flood
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Slip Surface Extend Comparison
(Use slip surfaces with FS = 1.0 for comparison)

450 S
UNIT SHEAR PORE
NO.| DESCRIPTION WEIGHT STRENGTH PRESSURE
ko - Cohesion: 2000.0 Piezometric
1 |Bedrock - Saturated) 160 Friction angle: 45 Line no. 1
2-Stage Linear
420 - )
g . Intercept (Kc = 1): 1000.00| .,
2| M | o "R e | o
= ntercept | =
Slope (Kc = Kif): 30.00
290 2-Stage Linear
Intercept (Kc= 1): 0.00
Embankment Fill - - . Piezometric
3 135 Slope (Kc=1):2870 i
Saturated Intercapt (K Line no. 1
Slope (Kc = Kf)
. | Embankment Fill - 125 Cohesion: 0.0 Piezometric
360 N Maoist - Friction angle: 37 Line no. 1
2-Stage Linear
Glay Liner - n 1):1000.00) by o metric Phreatic surface:
5 Saurated 130 000 1% ine no. 1 1. After rapid drawdown
230 2. Before rapid drawdown
e Gohesion: 0.0 Piezometric
& | Clay Liner- Moist | 130 Friction angle: 30 Line no. 1
- Cohesion: 0.0 Piezometric
7 | Ash-Saturated %0 - : :
Friction angle: 30 Line no. 1 Factor of safety' 1.007
300 s Ash - Moist . Cohesion: 0.0 Piezometric . . ! C
F Ficlionangie: 30| Lieno_ 1} Side force Inclination: -21.31 degrees
E -
, 210
-160 -120 -80 -40 0 40 80 120 160
O After basin closure with dewatering — 100 yr flood
450 ONIT SHEAR PORE
a NO.| DESCRIPTION |ye gy STRENGTH PRESSURE
- - Cohesion: 2000.0 Piezometric
| |Bedrock - Saturated | 160 Friction angle: 45 Line no. 1
2-Stage Linear
420 ercept (KE = 1)
m Native Soil - ntercept (KC = 1). 1000.00] pig o metric
2 Saturated 150 Slopa 000 1 iing no. 1
. Intercept (Kc = Kf): 0.00 .
Slope (Kc = Kf): 30.00
290 2-Stage Linear
Intercept (Kc = 1): 0.00 .
— o | EmbanmentFl- | o | GO oe 1) 2m 70 | iszometic
= = Intercept (Kc= Kf): 0.00 -
Slope (Kc = Kf): 37.00
, | EmbankmentFil- [ Cohesion: 0.0 Piezometric
360 Moist Friction angle: 37 Line ne. 1
2-Siage Linear
s Clay Liner - 130 nteé?ggt;'m Piezometric i -
Saturated Intercept (Kc = Kf: 0.o0 | Lin€No.1 1. After rapid drawdown
m 20 Slope (Ko = K- 30.00 > Before rapid drawdown
- - Cohesion: 0.0 Piezometric
B | Clay Liner-Moist | 130 Friction angle: 30 Line no. 1
- P Cohesion: 0.0 Piezometric
q ! Ash - Saturated <0 Friction angle: 30 Line no. 1 Factor of safety' 1.006
. Cohesion: 0.0 Piezometric . A A T
300 || & | Ash-Woist < Frctionange:z0 | uieno.1 | Side force Inclination: -17.99 degrees
Q. ”
L ”
210
: -160 -120 -80 -40 0 40 80 120 160

After basin closure with dewatering — 500 yr flood
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Brunner Island - Ash Basin No.6 - Sta. 21+80 - Yield Acceleration =0.14 g

450
l_ UNIT SHEAR PORE Sensitivity Analysis
z NO.|  DESCRIPTION |y Gyt STRENGTH PRESSURE
Cohesion: 2000.0 Piezometric . . _
m 1 |Bedrock - Saturated| 160 Friction angle: 45 Line no. 1 Yield Acceleration = 0.1 49
420 2-Stage Linear
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2 North 9th Street
Allentown, PA 18101

Subject: Project 11615019, PPL Brunner Island SES Transient Seepage and Slope Stability
Study, Wago Road, East Manchester Township, York County, Pennsylvania

Dear Mr. Lynch:

SCHNABEL ENGINEERING CONSULTANTS, INC. (Schnabel) is pleased to submit our geotechnical
engineering report for this project. This report includes tables, figures, and appendices with relevant data
collected for this study. This study was performed in accordance with our proposal dated May 16, 2011,
with addendum dated August 29, 2011, as authorized by Mr. Larry Ehrenreich originally on June 2, 2011,
and as amended on September 12, 2011.

We appreciate the opportunity to be of service for this project. Please call us if you have any questions
regarding this report.

EXECUTIVE SUMMARY

We are providing this executive summary solely for purposes of overview. Any party that relies on this
report must read the full report. This executive summary omits several details, any one of which could be
very important to the proper application of the report.

This study evaluated the stability of the eastern-most impoundment dike at the Brunner Island Ash Basin
No. 6 facility, which is adjacent to the Susquehanna River. A transient seepage analysis was performed
to consider slope stability under a rapid drawdown event from a 500-yr recurrence interval (RI) flood
corresponding to a river elevation at EL 288.8. The models developed for this evaluation included data
from explorations and analyses prepared by others as described herein.

The study suggests a minimum factor of safety (FOS) under rapid drawdown greater than 1.1 for the
scenarios and conditions that were considered.

schnabel-eng.com
T/ 610-696-6066  F/ 610-696-7771
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Pennsylvania Power and Light (PPL)
Brunner Island SES Transient Seepage and Slope Stability Study

SCOPE

Our agreement dated May 16, 2011, as amended by our addendum dated August 29, 2011, defines the
scope of this study. Our services included retention of a subconsultant (Advantage Engineers
[Advantage]) to perform subsurface exploration, field testing and evaluation, and soil laboratory testing
which are included in a Geotechnical Data Summary Report (DSR).

Based on the Geotechnical DSR prepared by Advantage and data provided to us which were developed
by others, we completed a transient seepage and slope stability analysis of one of the Brunner Island Ash
Basin (AB) No. 6 impoundment dikes. Our analysis focused on the stability of the eastern-most
downstream (e.g., river side) slope of the embankment under rapid drawdown of the Susquehanna River
from the 500-yr recurrence interval (RI) flood stage elevation. The duration of the various stages
described herein is based on our interpretation and evaluation of readily available historical data prepared
by others. Our evaluation of the eastern impoundment dike along the Susquehanna River was requested
since results of steady state seepage and slope stability analysis performed by another consultant (HDR
Engineering, Inc., 2009) indicated that the minimum Factor of Safety (FOS) for slope stability of the
downstream slope under a rapid drawdown condition (under steady state seepage) may be unsatisfactory
for the eastern impoundment dike.

Pennsylvania Power and Light (PPL) provided a copy of the HDR Engineering Report (2009) to Schnabel,
as well as a copy of a report prepared by Borings, Soils & Testing Company (BST, 1977) which was
prepared to evaluate foundation conditions for Ash Storage Basins 6 and 7 at the Brunner Island facility.
For the project described herein, Schnabel prepared a transient seepage and stope stability analysis for
the downstream slope of the eastern Brunner Island impoundment dike at AB No. 6 under a rapid
drawdown condition. This report presents our approach and the results of our evaluation.

Services not described in our agreement are not included in this study. We would be happy to provide
any additional services to the project team that are required.

PROJECT APPROACH

The HDR Report (2009) included subsurface exploration, piezometer installation, and testing and
evaluation at two cross section locations on the eastern impoundment dike (Section 1 at Sta. 21+80 and
Section 2 at Sta. 7+44). The geometry and subsurface soil conditions were nearly identical at the two
cross section locations; however, water levels observed in the Section 1 piezometers were found to be
higher than at Section 2. The higher phreatic surface at Section 1 would make that section more critical
for slope stability, so the geometric configuration and piezometric levels based on Section 1 were adopted
for this study.

We performed preliminary transient seepage and slope stability analyses based on the parameters
adopted in the HDR Report (2009), including embankment geometry, subsurface conditions and
stratification, phreatic surface, shear strength (friction angle and cohesion), and unit weights. The HDR
Report (2009) did not include testing and evaluation of the embankment soil hydraulic conductivity since
analyses were made based upon steady state seepage conditions.

February 17, 2012 Page 2 Schnabel Engineering Consultants, Inc.
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Preliminary transient analyses used a range of reasonable parameters to perform a sensitivity analysis of
the transient seepage condition, including the saturated hydraulic conductivity of the embankment soils.
The range of values adopted for parameters used in the sensitivity analysis was based upon
embankment soil gradation from laboratory testing and visual descriptions in test borings, all performed
by others, including values reported in the BST Report (1977).

Our preliminary sensitivity evaluation showed that the penetration of the wetting front during transient
seepage caused by rising flood levels in the Susquehanna River, and the subsequent dissipation of pore
pressures as the flood levels recede, was mostly dependent on the saturated hydraulic conductivity of the
embankment soils. The factor of safety for deep-seated slope failures of the embankment under transient
seepage conditions could range from acceptable to unacceptable based on the pore water pressure
distribution resulting from various transient models which incorporated reasonable values of hydraulic
conductivity. The factors of safety were typically lower as the saturated hydraulic conductivity increased,
due to the deeper penetration of the wetting front moving through the embankment during transient
seepage. Therefore, it was decided that further characterization of the embankment soils was necessary
to complete the dike stability evaluation under rapid drawdown using transient seepage analysis.

SUPPLEMENTAL FIELD EXPLORATION AND LABORATORY TESTING — GEOTECHNICAL DATA
SUMMARY REPORT (DSR)

Schnabel retained Advantage Engineers to perform a supplemental field exploration and laboratory
testing program, and to summarize the results into a Geotechnical DSR. The subsurface exploration
program included the following:

B Five Standard Penetration Test (SPT) Borings located along the crest of the existing
embankment extending to a depth of approximately 20 ft (designated TB-C1 through TB-C5).

B Four hand-excavated test pits located mid-way between the riverside embankment toe and crest
(designated HA-E1 through HA-E4).

Exploration locations are shown on Figure 1 of the Advantage Report (2012) that is included as Appendix
A. Within each of the hand-excavated test pits, in-place soil density and moisture content were measured
according to ASTM D1556 (sand cone). The infiltration rate was measured within the test pits using a
double ring infilirometer. Infiltration rates were also measured at depths selected by Schnabel in cased
holes advanced as auger probes adjacent to the SPT boring locations. These infiltration tests were
performed by Advantage personnel in general accordance with Appendix C of the Pennsylvania
Department of Environmental Protection (PADEP) Pennsylvania Stormwater Best Management Practices
Manual (PADEP, 2006). Results of the field testing are summarized in Tables | and Il of the Advantage
Report (2012). In addition to the SPT samples, bulk samples were also collected from auger cuttings
over each 5-ft depth interval (e.g., 0-5 ft, 5-10 ft, 10-15 ft, and 15-20 ft) and from the hand-excavated test
pits.

Draft test boring logs provided to Schnabel by Advantage were used to select samples to perform initial
laboratory testing to further characterize the soils. Samples were selected to evaluate the various types
of embankment soils encountered in the field exploration. Embankment soils (based on visual
classifications) were generally either: (1) lean clay or silt with varying amounts of sand and gravel; (2)
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sand with varying amounts of silt/clay and gravel; or (3) gravel with varying amounts of silt/clay and sand.
The initial laboratory testing included the following:

® 50 natural moisture content determinations (ASTM D2216)
B 14 sieve and hydrometer tests (ASTM D422)
W 7 Atterberg (plastic and liquid) Limit determinations (ASTM D4318)

Standard Proctor Tests (ASTM D698) were performed to evaluate the maximum dry unit weight and
optimum moisture content of representative samples of the three fundamental embankment soil types.
Based on in situ density tests, the average relative compaction (RC) of the embankment soils was
approximately 85 percent. While in situ density tests were only performed in the shallow hand-excavated
test pits, SPT blowcounts suggest a lower bound average relative compaction of 85 percent for the
deeper embankment soils is reasonable as well.

Seven bulk samples were selected for hydraulic conductivity testing (ASTM D5084) to represent the
various embankment soil types. Specimens were prepared from the bulk samples, which included
samples from the hand auger locations and test borings. Specimens from the hand auger locations were
remolded at the approximate in situ moisture content and dry density (as determined from the field
testing). Soil samples from test borings were remolded at optimum moisture content and a dry unit weight
corresponding to an RC of 85 percent (based on Proctor tests most suitable for each particular soil
sample). The complete results of the laboratory testing are included with the Advantage Report (2012)
that is provided in Appendix A.

Saturated hydraulic conductivity values for representative embankment soils were evaluated from the
seven flexible wall permeameter (ASTM D5084) tests. Saturated hydraulic conductivities were also
estimated from the measured infiltration rates using the empirical relationship described by Fritton et al.
(1986) which were developed based on tests in Pennsylvania soils. The saturated hydraulic data are
summarized in tabular format in Appendix B.

Tables 1 and 2 included in Appendix B summarize the saturated hydraulic conductivity data from the in-
situ infiltration testing and laboratory, respectively. Figure 1 in Appendix B is a box plot showing the
statistical distribution in the saturated hydraulic conductivity data. Maximum, minimum, average, and
lower and upper quartile values of the saturated hydraulic conductivity are shown.

TRANSIENT SEEPAGE ANALYSIS AND MODELING

Seepage was modeled using GeoStudio’s SEEP/W (ver 7.14) computer program. SEEP/W is a two-
dimensional finite element computer program commonly used to model unconfined and confined seepage
problems, including groundwater movement and pore water pressure distribution within porous materials
such as soil and rock. SEEP/W can be used to model seepage conditions and evaluate various
parameters, including hydraulic head/pore water pressure distribution, hydraulic gradient, volume of flow,
and many others. SEEP/W can be used to model both steady state and transient seepage conditions.
Steady state conditions include situations in which model parameters (soil properties, boundary
conditions, etc.) do not change over time. Transient conditions involve scenarios in which model
parameters do change over time.
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To model both steady state and transient seepage in SEEP/W, the saturated hydraulic conductivity is
required for the underlying soils. Both natural soil deposits and man-made soil structures (e.g., dikes,
levees, earthen embankments, etc.) may exhibit anisotropy, which means that the resistance to flow is
different in different directions. This means that different values of hydraulic conductivity are required to
model flow in different directions (e.g., different values of Ky, and K, for saturated hydraulic conductivity in
the horizontal and vertical directions, respectively). Anisotropic hydraulic conductivity can be (and was)
modeled in SEEP/W. The saturated hydraulic conductivity values evaluated from the field and laboratory
testing are mostly controlled by the vertical hydraulic conductivity of the embankment soils. Finally,
boundary conditions associated with the phreatic surface (i.e., the water table) defined in the seepage
model must be established.

Transient (non-steady state) seepage modeled in SEEP/W requires definition of additional soil
parameters to model unsaturated flow and appropriate boundary conditions applied to the ground surface
profile. The boundary conditions can be changed over time to produce realistic stages of varying
infiltration and water elevations to various surfaces.

The unsaturated hydraulic conductivity of a soil is both nonlinear and hysteretic. SEEP/W can model the
nonlinear relationship between hydraulic conductivity and matric potential/volumetric water content, but
cannot model hysteresis. Hysteresis is the phenomena associated with unsaturated flow, whereby the
unsaturated hydraulic conductivity is not only a function of the matric potential/volumetric water content,
but whether the soil is going through a drying or wetting phase.

Modeling a soils’ unsaturated hydraulic conductivity in SEEP/W requires definition of two relationships:

1. The volumetric water content / matric potential curve (VWC-MPC), which defines the non-linear
relationship between the volumetric water content and matric potential.

2. The unsaturated hydraulic conductivity / pore water pressure (matric potential) UP-PWP curve,
which defines the non-linear relationship between unsaturated hydraulic conductivity and matric
potential.

In addition, the coefficient of volume compressibility (m,) must also be defined.

SEEP/W has several semi-empirical models that can be used to develop the VWC-MPC curves for soils,
which depend on the soil type (fine versus coarse grained) and material properties (e.g., plasticity of fine
grained soils, grain-size distribution of coarse grained soils, etc.). The pertinent soil properties for the
strata (including m,) were taken from an evaluation of the laboratory test data. The UP-PWP was
modeled using the relationship developed by Fredlend and Xing, which depends on the saturated
hydraulic conductivity, residual water content, range of matric potential, and VWC-MPC relationship.
Details of this model can be found in the SEEP/W User's Manual (GEO-SLOPE International Ltd, 2008)
and references included therein. It should be noted that a sensitivity analysis was performed prior to
finalizing the transient analysis. The sensitivity analysis revealed that the results from the models were
relatively insensitive to residual water content and coefficient of volume compressibility, and showed that
the saturated hydraulic conductivity of the dike embankment was the primary factor affecting the stability
of the embankment using the pore pressure distribution from a transient seepage analysis under the rapid
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drawdown condition. This was primarily due to deeper penetration of the wetting front at higher hydraulic
conductivities, which did not dissipate over the rapid drawdown time period.

The initial water table must also be defined to perform a transient seepage analysis. The initial water
table adopted was identical to that defined in the HDR Report (2009) for the analysis of Section 1 at Sta.
21+80. The water table extended from a normal water level (NWL) at EL 288.0 on the upstream side of
the impoundment dike, through the embankment at levels as measured by the two piezometers,
daylighting near the downstream toe of the impoundment dike at EL 263.

Once the initial water table and material properties for transient flow were defined for the unsaturated
embankment soil in the analysis section, appropriate boundary conditions were assigned. The boundary
conditions were established assuming the following staged “rainy day” scenario, which is based on
available historical climatic, meteorological, and hydraulic data (including the rise, high stage, and recede
time intervals for the storm of record, which is Hurricane Agnes that occurred in June 1972). A summary
of the available climatic, meteorological, and hydraulic data that was reviewed for this project is included
in Appendix C.

1. DAY 0 to 353: A surface boundary flux was applied representing annual infiltration at a rate twice
as great as the average daily precipitation for the project area for a period of 353 days. Based on
data from the United States National Oceanic and Atmospheric Administration (NOAA), the
average daily precipitation near the project area is about 0.11 inches per day.

2. DAY 353 to 357: The rate of infiltration for the surface boundary flux was increased to correspond
to a total of 9 inches of precipitation over a 24 hour period. Based on NOAA data, this
corresponds to the 24-hour rainfall from a storm with an Rl of 200 years, with a 90% confidence
interval (i.e., 95% assurance that the value is less than 9 inches). This flux was applied for a total
period of four days, corresponding to a total of 36 inches of rainfall.

3. DAY 357 to 359: The surface boundary flux was reduced back to a value equal to twice the
average infiltration rate; however, the river level was raised from a normal water level elevation
(considered as the top of bank elevation at EL 252) to the flood elevation corresponding to the
500-year RI flood event (EL 288.8). The river level was increased linearly to the peak elevation
over a period of two days.

4. DAY 359 to 363: The river elevation was held at the 500-yr flood elevation for a period of four
days.

5. DAY 363 to 365: The river elevation was allowed to recede (fall) to the initial normal water level
elevation over a period of two days. This is the time period for rapid drawdown, and the pore
water pressure distribution at the end of two days was used for the slope stability analysis under
rapid drawdown.

The transient seepage scenario described above was modeled using the following cases based on the
saturated hydraulic conductivity used for the impoundment dike embankment:
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Isotropic Hydraulic Conductivity

Case 1: K, = K, = 6.8*10°® ft/sec (maximum saturated hydraulic conductivity, isotropic)
Case 2: K, = K, = 2.8*10° ft/sec (average saturated hydraulic conductivity, isotropic)
Case 3: K, = K, = 6.8*10°° ft/sec (minimum saturated hydraulic conductivity, isotropic)

Anisotropic Hydraulic Conductivity

Case 4: K, = 0.50 * K, = 2.8*10° ft/sec (average saturated hydraulic conductivity, anisotropy ratio = 2)
Case 5: K, = 0.25 * K, = 2.8*10°® ft/sec (average saturated hydraulic conductivity, anisotropy ratio = 4)
Case 6: K, = 0.13 * K, = 2.8*10°° ft/sec (average saturated hydraulic conductivity, anisotropy ratio = 8)

Representative plates displaying graphical output from the transient seepage analyses are provided in
Appendix D for Cases 1 and 3. As suggested earlier, Plates D2a and D3a in Appendix D illustrate how
the lower saturated hydraulic conductivity limits the penetration of the wetting front through the
embankment.

DEEP-SEATED GLOBAL SLOPE STABILITY ANALYSIS

The downstream side of the impoundment dike was evaluated for global stability using Spencer’s Method
as implemented in GeoStudio’'s SLOPE/W (ver 7.14) computer program. Soil parameters (unit weight,
shear strength, etc.) used in the HDR Report (2009) were adopted for the slope stability analyses.

The transient seepage analysis was used to model the change in pore water pressure over time (as
described previously), and effective shear strengths were used in the stability model.

Spencer's Method was used to evaluate global slope stability of the downstream slope using the pore
water pressure distribution from SEEP/W. The minimum FOS resulting from the rapid drawdown (flood
recede over two days) from a 500-yr flood stage to normal water levels in the river was calculated at
discrete time increments starting at flood stage and ending when river levels return to the normal water
level elevation. Only deep-seated potential failure planes were considered, which are failure planes that
extend from the crest of the embankment beyond the downstream embankment toe.

Plates displaying graphical output from the global slope stability analyses are provided in Appendix E for
Case 2 at selected stages during rapid drawdown (Plates E2a through E2d), and at the completion of
drawdown for all cases (Cases 1 through 6 in Plates E3a through E3f, respectively). The following table
summarizes the minimum FOS for rapid drawdown that was calculated for Cases 1 through 6.

Minimum Factor of Safety for Rapid Drawdown: Cases 1 through 6

CONDITION Min. FOS (Plate #)

Isotropic Hydraulic Conductivity

Case 1: K, = K, = 6.8*10° ft/sec (max sat hydr cond, isotropic) 1.13 (E3a)

Case 2: K, = K, = 2.8*10° ft/'sec (avg sat hydr cond, isotropic) 1.22 (E3b)

Case 3: K, = K, = 6.8*10° ft/sec (min sat hydr cond, isotropic) 1.32 (E3c)
Anisotropic Hydraulic Conductivity

Case 4: K, = 0.50 * K,, = 2.8*10°° ft/sec (avg sat hydr cond, anisotropy ratio = 2) 1.20 (E3d)

Case 5: K, = 0.25 * K,, = 2.8*10°® ft/sec (avg sat hydr cond, anisotropy ratio = 4) 1.17 (E3e)

Case 6: K, = 0.13 * K;, = 2.8*10°® ft/sec (avg sat hydr cond, anisotropy ratio = 8) 1.13 (E3f)
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CONCLUSIONS

Conventional guidelines for minimum factors of safety include recommendations in United States Army
Corps of Engineers (USACE) engineering manuals. Recommended minimum values of 1.1 (drawdown
from maximum surcharge pool) to 1.3 (drawdown from maximum storage pool) are provided for new earth
and rock-fill dams in Table 3-1 in USACE EM 1110-2-1902 (USACE 2003). Recommended minimum
values of 1.0 to 1.2 for new and existing levees, and other embankments and dikes, are provided in
USACE EM 1110-2-1913 (USACE 2000).

The minimum FOS for stability of the downstream embankment slope under the rapid drawdown
scenarios presented herein corresponds to a value of 1.13, which is greater than the value of 1.1 for earth
dams drawn down from maximum surcharge pool (which most closely represents the scenario used in
this study). The study used a flood event with a 500-yr R, so floods with more frequent RI's (e.g., 50-yr,
100-yr, etc.) would result in even higher factors of safety if ali other factors remain the same.
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LIMITATIONS

We based the analyses and recommendations submitted in this report on the information revealed by the
exploration performed by others, and interpretation of data prepared by others. We attempted to provide
for normal contingencies, but the possibility remains that unexpected conditions may exist.

We prepared this report to aid in the evaluation of this site and to assist in the geotechnical evaluation
described herein. We intend it for use concerning this specific project. We based our recommendations
on information on the site and understanding of information as described in this report.

We have endeavored to complete the services identified herein in 2@ manner consistent with that level of
care and skill ordinarily exercised by members of the profession currently practicing in the same locality
and under similar conditions as this project. No other representation, express or implied, is included or
intended, and no warranty or guarantee is included or intended in this report, or any other instrument of
service.

We appreciate the opportunity to be of service for this project. Please call us if you have any questions
regarding this report.

Sincerely,

SCHNABEL ENGINEERING CONSULTANTS, INC.

séd A. Raschke, PhD, PE

Senior Associate
JMB:SAR:PIW:jlc

Appendix A:  Advantage Geotechnical Data Summary Report

Appendix B: Summary of Saturated Hydraulic Conductivity Data

Appendix C:  Summary of Climatic, Meteorological, and Hydraulic Conductivity Data
Appendix D:  Seepage Analysis Plates

Appendix E:  Slope Stability Analysis Plates
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Attn:  Mr. James P. Lynch

February 17, 2012 Page 9 Schnabel Engineering Consultants, Inc.
Project 11615019 ©2012 All Rights Reserved



APPENDIX A

ADVANTAGE GEOTECHNICAL DATA SUMMARY
REPORT (2012)

February 17, 2012 Schnabel Engineering Consultants, Inc.
Project 11615019 ©2012 All Rights Reserved



GEOTECHNICAL DATA SUMMARY REPORT

PPL ASH BASIN
BRUNNER ISLAND TRANSIENT SEEPAGE AND
EMBANKMENT STABILITY STUDY

YORK HAVEN, YORK COUNTY, PENNSYLVANIA

PREPARED FOR:

DR. ScoTT A, RASCHKE, P.E.

SCHNABEL ENGINEERING CONSULTANTS, INC.
1380 WILMINGTON PIKE, SuiTe 100

WEST CHESTER, PA 19382

PREPARED BY:

P QL L

DAN[E@/GCHAUBLE, JR
DIRECTOR OF GEOTETHNICAL SERVICES

Y e

EDWARD L. BALASAVAGE, P.E.
MANAGING PARTNER

ADVANTAGE PROJECT NO. - 1100517

JANUARY 2012

telecommunications | environmental | geotechnical

910 Century Drive, Mechanicsburg. Pennsylvania 17055
(717) 4580800  (717) 458-0801(fax)



TABLE OF CONTENTS

SECTION
2.0 SITE AND PROJECT DESCRIPTION......cccntmsmnummsnnsensesennssansassansnesassssnassnsas
3.0 SUBSURFACE INVESTIGATION PROGRAM .......cccommmemnsnsssmssessncrnssmssessncasssnsnass
4.0 SUMMARY OF IN-SITU FIELD TESTING......ccuoumiiimninenninnasnnsnsssnsnsssnsnssans

4.1 = SAND CONE DENSITY .....5....... sonfe ot tion am smmsenesrsmanssamasms

4.2 INFILTRATION ANALYSIS ....coiiiireccrienssisssssess s ssasassssssssassnns
5.0 SUMMARY OF LABORATORY TESTING ....ccccermmrueciuisneresssnnssansinssnssnnsanssassnassnsssassns
6.0 DESCRIPTION OF CONDITIONS ENCOUNTERED......ccccomrmrvnrinrctreranene

B.1  SOIL ..cccieirimine e R AR TR TS IR S GRS A

6.2  GROUNDWATER ............cnnissminsissssiussasioissiisasssasionseiamamnio
6.0  LIMITATIONS ......cocveemrinmnannssnnnnes

FIGURE 1 - BRUNNER ISLAND SES IMPOUNDMENT DIKE SUPPLEMENTAL EXPLORATION LOCAITONS

DVANTAGE
NGINEERS

APPENDIX

TEST BORING LOGS

SAND CONE TEST RESULTS

RESULTS OF INFILTRATION ANALYSIS

LABORATORY TEST RESULTS

NATURAL MOISTURE CONTENT

SIEVE & HYDROMETER

ATTERBERG LIMITS

STANDARD PROCTOR

PERMEABILITY VIA FLEXIBLE WALL PERMEAMETER



Geotechnical Data Summary Report

PPL Ash Basin - Brunner Island Transient
Seepage and Embankment Stability Study
York Haven, York County, Pennsylvania
Advantage Project No.: 1100517

1.0

2.0

3.0

INTRODUCTION

This report was prepared by Advantage Engineers, LLC (Advantage), on behalf of Schnabel
Engineering Consultants, Inc. (Schnabel), of West Chester, Pennsylvania, and contains the results of
a subsurface geotechnical engineering study and laboratory testing program conducted at the site
of the existing ash basin at the PPL Brunner Island power generation facility in York Haven,
Pennsylvania. The purpose of this investigation has been to gather supplemental subsurface data
to establish the parameters required for Schnabel to complete the final seepage and stability
analysis.

The scope of work for this project included the completion of a subsurface field investigation,
laboratory testing program, and preparation of this geotechnical data summary report. This report
summarizes the results of the work performed and provides factual geotechnical engineering data
for use in Schnabel’'s engineering analysis.

SITE AND PROJECT DESCRIPTION

The project site currently consists of the eastern earthen embankment of Ash Basin No. 6 at the
existing PPL Brunner Island power generation facility in York Haven, York County, Pennsylvania. The
site is bordered to the east by the Susquehanna River, to the south by undeveloped property and
the Susquehanna River, to the west by the existing Ash Basin No. 6, and to the north by Ash Basin
No. 5. The approximate location of the site in relation to the surrounding area is presented on the
attached Topographic Map.

SUBSURFACE INVESTIGATION PROGRAM

In an effort to evaluate subsurface conditions within the existing earthen embankment, a series of
standard SPT earth borings and hand-dug test pits were conducted in September and October
2011, in accordance with the following schedule:

= Five (5) test borings along the crest of the existing embankment, each extending to a
termination depth of approximately 20 feet below existing site grades.

* Four (4) hand-dug test pits within the embankment, each extending to a depth of
approximately 2 to 3 feet below existing site grades.

Supervision and monitoring of the field operation were provided by a representative of Advantage.
The test borings and test pits were field surveyed and staked by Schnabel in advance of our field
investigation. The approximate locations of the test borings and test pits, designated as TB-C1
through TB-C5 and HA-E1 through HA-E4, respectively, are shown on Figure 1 - Brunner Island SES
Impoundment Dike Supplemental Exploration Locations, prepared by Schnabel, presented in the
Appendix.

The test borings were advanced using a truck-mounted CME-55 drilling rig equipped with hollow-
stem augers and an automatic hammer. Split-spoon samples, conducted in accordance with ASTM
standard D1586, were taken throughout the entire depth of the borings and the Standard
Penetration Test (SPT) values were recorded for each sample obtained. The SPT values, which are
a measure of relative density or consistency, are the number of blows required to drive a 2-inch
(outer-diameter), split-barrel sampler 2 feet using a 140-pound weight dropped 30 inches. The
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Seepage and Embankment Stability Study
York Haven, York County, Pennsylvania
Advantage Project No.: 1100517

4.0

number of blows required to advance the sampler over the 12-inch interval from 6 to 18 inches is
considered the "N" value.

Data pertaining to the subsurface investigation was documented in the field and is presented in
detail on the Test Boring Logs, presented within the Appendix. The Test Boring Logs contain
general information about the subsurface program and specific data regarding each test boring,
including: sample depths, blow counts per six (6) inches of penetration, and detailed
characterizations of the subsurface materials encountered.

Within each of the hand-excavated test pits, the in-place density and moisture content were
determined via Sand Cone Method (ASTM D1556). In addition, infiltration testing was conducted at

varying depths within auger probes adjacent to the test boring locations using the “cased pipe
method” and within the test pit locations via a “double ring infiltrometer”.

SUMMARY OF IN-SITU FIELD TESTING

A summary of the results of the field moisture-density testing and infiltration analyses are presented
below in Tables | and Il. Additional details of the testing completed are presented in the Appendix.

TABLE |

SAND CONE TEST RESULTS - ASTM D1556

Test Location HAE1l HA-E2 HA-E3 HA-E4

Moisture Content (%) 12.4 9.6 85 54

Wet Density (pcf) 123.2 117.6 126.9 132.5

Dry Density (pcf) 109.5 107.3 117.0 125.7
TABLE Il

INFILTATION TEST RESULTS - CASED PIPE & DOUBLE-RING METHODS

Test Location Test Depth (ft) Test Method Infiltration Rate (in/hr)
TB-C1 8.0 CASED PIPE 1.08
TB-C2 5.0 CASED PIPE 0.60
TB-C3 8.0 CASED PIPE 4.68
TB-C4 4.0 CASED PIPE 0.36
TB-C5 4.5 CASED PIPE NO MEASURABLE RATE
HA-E1 2.0 DOUBLE-RING 0.20
HA-E2 2.0 DOUBLE-RING 0.84
HA-E3 2.3 DOUBLE-RING 0.31
HA-E4 25 DOUBLE-RING 0.25
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5.0

6.0

LABORATORY TESTING

All soils encountered at the site were visually reviewed and classified by Advantage personnel. The
client selected samples collected from the field investigation for laboratory analysis. Advantage
delivered the samples to GTS Laboratories where they were subjected to the following analyses:

50 natural moisture content determinations per ASTM D2216

14 sieve & hydrometer analyses per ASTM D422

7 Atterberg Limits (Liquid and Plastic Limits) per ASTM D4318

3 Standard Proctor analyses per ASTM D698

7 hydraulic conductivity/permeability tests per ASTM D5084 flexible wall permeameter

A detailed account of the laboratory testing completed is presented in the Appendix of this report.

DESCRIPTION OF CONDITIONS ENOUNTERED

6.1 SOIL

6.2

The surfaces of the test borings were found to be covered by approximately 4 to 6 inches of
crushed stone (gravel road base). Beneath the topsoil, subsurface conditions were found to
be generally homogenous throughout the embankment ranging from silty sand and gravel to
sandy clay with gravel. In general, the soils encountered consisted of rounded sand and
gravel with varying amounts of silt and clay. Based on the laboratory testing completed, the
fines content ranges from approximately 11.5% to 66.8% and the soils are of low to
moderate plasticity.

GROUNDWATER

Groundwater was encountered and measured only within test boring TB-C4 at a depth of
approximately 11.3 feet below existing site grades at completion of the test boring. Water
was not encountered within the remaining test borings or hand-excavated test pits
completed at the project site. These observations were made at the time of the field
investigation and groundwater elevations will change with daily, seasonal, and
climatological variations.

Page 3 of 4



Geotechnical Data Summary Report

PPL Ash Basin - Brunner Island Transient
Seepage and Embankment Stability Study
York Haven, York County, Pennsylvania
Advantage Project No.: 1100517

7.0  LIMITATIONS

This report has been prepared in accordance with generally accepted geotechnical design practices for
specific application to this project. This report has been based on assumed conditions and characteristics
of the proposed development where specific information was not available.

It is emphasized that this geotechnical investigation was completed for the areas indicated on the plan
enclosed with this report and described herein. The validity of the projections and data contained in this
report may be affected by the number of borings completed. The recommendations presented herein are
based upon the number of borings purchased by the owner and while, depending upon the actual nature of
subsurface conditions, those projections and conclusions may accurately set forth the nature of the
subsurface conditions where the borings were made, the data presented herein are not to be applied to
the remainder of the site.
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Figure 1 - Brunner Island SES Impoundment Dike Supplemental
Exploration Locations
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TEST BORING LOG SHEET1OF 1

PROJECT NAME: PPL Ash Basin 6 - Brunner Island Seepage & Embankment Stability Study

PROJECT NUMBER: 1100517

BORING NO.: TB-C1

CLIENT: Schnabel Engineering Consultants, Inc. ) TOP OF GROUND:
L GROUNDWATER DATA: Dry
LOCATION: Station 2+00 E Depth: Not Encountered
FIELD SURVEYED TOPO ESTIMATE v Time: Completion
wx wE
DEPTH |[Z 4 2 T BLOWS PER
g St X SOIL DESCRIPTION REMARKS
(feet) =z 5 <o 6
(72 B4 o a
\“9_0:_0_5. Gray sand and gravel Road Base
S1 0'-2' 23-17-19-21 0.5'-7.25' Very stiff brown sandy clay with gravel; 100% Recovery Uc= >4.5TSF
S-2 24" | 8—23-_14_ Very stiff brown sandy clay; some gravel; [moist] Uc= 1.5TSF
5 Stiff brown sandy clay with gravel; Uc= 2.5TSF
S3 4'-6' 8-6-4-_9 [no gravel; moist to wet from 5-5.5'] 200% Recovery Uc= 1.25TSF
S4 | 6.8 | 10451820 [ 7580 Verydense brown clayeysandwith gravel """ 100% Recovery
8.0'-12.0'
10 S5 8'-9.3' 16-49-50/4" Very dense brown sand and rounded gravel; some silt 100% Recovery
§6 | 10-12' 12330-3538| _ ________. Nery dense brown sand and roundedigravel; some glit v oD ecoyen
12.0'- 14.0'
S — — Very dense brown silty fine to medium sand with gravel;
S7 12-14' 32342935 | [moist from13.0'-140 100% Recovery
15 14.0'- 15.5'

S8 14'-16' | 20-21-16-12 [ 155'-16.25'" Very stiff brown fine sandy clay; frace gravel —

Very stiff brown Tine sandy clay; trace gravel 100% Recovery

16.25'-17.5' Very dense brown sand and rounded gravel; some silt
16'-18' 5-21-20-21 F-==z —— e e e e e e mm s e s — e 100%
= =0 1 9 .. 17.5'-18.0'  vVerydense brownsilty finesand OA\REONER
_ 18.0-200° " T T TTTTTTTTTTTTTT
20 S10| 18-20 17-22-31-44 Very dense sand and rounded gravel; some silt 100% Recovery

25

-End of Boring at 20.0 feet-

DVANTAGE
NGINEERS

910 Century Drive, Mechanicsburg, PA 17055
(717) 458-0800 FAX: (717) 458-0801
www.advantageengineers.com

RIG TYPE: Truck-Mounted CME-55

DRILLING METHOD: Hollow Stem Auger

ADVANTAGE REP.: Brian K. Hilsabeck

DRAWN/COMPILED BY: Brian K. Hilsabeck

DATE DRILLED: September 12, 20121




TEST BORING LOG SHEET 1 OF 1
PROJECT NAME: PPL Ash Basin 6 - Brunner Island Seepage & Embankment Stability Study
PROJECT NUMBER: 1100517 BORING NO.:  TB-C2 B
CLIENT: Schnabel Engineering Consultants, Inc. £ TOP OF GROUND:
L GROUNDWATER DATA: Dry
LOCATION: Station 7+00 E Depth: Not Encountered
FIELD SURVEYED TOPQO ESTIMATE v Time: Completion
w o w E
DEPTH |2 4 = BLOWS PER
£ < S . SOIL DESCRIPTION REMARKS
(feet) =3 I q 6"
z (%} el
N - --.._\(_)-0"0'3' Gray sand and gravel Road Base
si| 02 |20124248| 09729  verysiiff brown clay; some sand, some gravel; 100% rec. __ | Uc= >4.5TSF
| 29739 verydense brown clayey sand with rounded gravel ________
s2| 24 | 11174415 | 39749 verysiff brown clay; some sand, some gravel; 100% rec. | Uo= >4.5TSF
5 - A0-4-75"  Very dense brown clayey sand with rounded gravel ________
s3 4'-6' 6-10-17-20 ~-3-75/-5.25' _Venystiffbrownclay _____________________________| 100% Recovery
~.5.25'- 6.0'___Vewy.dense hrown clayey sand with_rounded gravel ________ ,
Cave at 6.5
[ B 6.0'- 8.0
S4 6-8' 18151321 | .. Very stiff brown sandy clay with gravel; 30% Recovery ______
8.0'-16.0'
10 S5 8-10' 15-25-22-23 Very dense brown sand and rounded gravel; some silt 100% Recovery
S6 10-12' 20-32-24-13 Very dense brown sand and rounded gravel; some silt 100% Recovery
S7 12-14' 1_1-23-30—31 Very dense brown sand and rounded gravel; some silt 100% Recovery
15 Very dense brown clayey sand with rounded gravel,
S8 14'-16' 19-30-2 1-26_ ______________ -tan to yellow sand seam from 15.0'-15.25' 100% Recovery
_160-170  very dense brown clayey sand with rounded gravel ________
so | 16-18 | 23-18-18-22 |- AL.Q-ALDE._ Verystiff brown elayi Ue= 3,818 . ____. 100% Recovery
~17.5..18.0' _ _Verydense brownsiltyfinesand _____________________
§ 18.0'-20.0'
20 S10 18'-20" 6-11-10-15 Very stiff brown to gray clay; some fine sand; Uc= >4.5TSF 100% Recovery
-End of Boring at 20.0 feet-
25

DVANTAGE
NGINEERS

910 Century Drive, Mechanicsburg, PA 17055
(717) 458-0800 FAX: (717} 458-0801

www.advantageengineers.com

RIG TYPE: Truck-Mounted CME-55

DRILLING METHOD: Hollow Stem Auger

ADVANTAGE REP.: Brian K. Hilsabeck
DRAWN/COMPILED BY: Brian K. Hilsabeck

DATE DRILLED: September 12, 2011




TEST BORING LOG SHEET1OF 1

PROJECT NUMBER: 1100517

PROJECT NAME: PPL Ash Basin 6 - Brunner Island Seepage & Embankment Stability Study

BORING NO.: TB-C3

20 S10| 18-20' | 19-25-26-23 |~.19.0'-19.2"

D e e o e e T

19.2'-20.0' Very stiff brown clay; trace sand, trace gravel Uc=>4.5TSF

CLIENT: Schnabel Engineering Consultants, Inc. i TOP OF GROUND:
L GROUNDWATER DATA: Dry
LOCATION: Station 12+00 E Depth: Not Encountered
FIELD SURVEYED TOPO ESTIMATE v Time: Completion
w e w E
DEPTH |# 4 = BLOWS PER
£< = SOIL DESCRIPTION REMARKS
(feet) =z 5 < & 6"
w Z w a
0,0%04* Gray sand and gravel Road Base
S1| 02 |35201842| O%°20  verstif brown sandy clay with rounded gravel; 100% rec. _ | Uc= >4.5TSF
2.0'-5.5'
| S-2 3‘-4' 8-8-13-21 | Very dense brown clayey sand with rounded gravel 70% Recovery
5
S3| 4.6 | 13474248 [ E5E0" T Ve stirbiown sanay ey Wit folnded gavel, {00% 765 1| Uo= 35TsF
6.0'-8.0
SN B8R | 18474548 | ) Very dense brown clayey sand with rounded gravel L00zRecoueh
B 8.0'-10.0' Very dense brown silty sand and rounded gravel;
10 |s5| 810 |14212312| e e e e 100% Recovery
| 10.0'-1075'_ Very stiff brown sandy clay; tracegravel Ue=>4.5TSF
S6 | 10412' | 1924-22.42 | 1079120 very dense brown sand with rounded gravel somesitt _____ 100% Recovery
12.0'-16.0
57 12'-14' | ﬂ3i—2_5-2£48_ Very dense brown clayey sand with rounded gravel 100% Recovery
15 Very dense brown clayey sand with rounded gravel;
S8 14-16' 10-102025| IMOIST] 100% Recovery
16.0'- 18.0'
Very dense brown silty sand and rounded gravel;
S9 | 16-18' |13831-2731| | Light brown silty fine sand from 17.75't0 180' | T0GEIRECovEry
18.0'-19.0"

Very dense light brown silty fine sand 100% Recovery

25

-End of Boring at 20.0 feet-

DVANTAGE
NGINEERS

910 Century Drive, Mechanicsburg, PA 17055
(717) 458-0800 FAX: (717) 458-0801
www.advantageengineers.com

RIG TYPE: Truck-Mounted CME-55

DRILLING METHOD: Hollow Stem Auger

ADVANTAGE REP.: Brian K. Hilsabeck

DRAWN/COMPILED BY: Brian K. Hilsabeck

DATE DRILLED: September 2, 2011




TEST BORING LOG SHEET 1 OF 1
PROJECT NAME: PPL Ash Basin 6 - Brunner Island Seepage & Embankment Stability Study
PROJECT NUMBER: 1100517 BORING NO.: TB-C4 D
CLIENT: Schnabel Engineering Consultants, Inc. £ TOP OF GROUND:
L GROUNDWATER DATA: Wet
LOCATION: Station 17+00 E Depth: 11.3 ft
FIELD SURVEYED TOPO ESTIMATE v Time: Completion
w wE
DEPTH |7 & P BLOWS PER
£ g = SOIL DESCRIPTION REMARKS
(feet) =5 =z o 6"
w =z (72} =)
_""--\9'0"0‘3' Gray sand and gravel Road Base
o |st| 02 35204842 09729  verdense brown clayeysand with rounded gravel 70% Recovery
j | %039 verystiff brown clay; some sand, some rounded gravel _____ Uo= >4.5TSF
s2| 24 | 881321 | 3940  verydensebrown sand and rounded gravelisomeolay 100% Recovery
5 4.0'-5.25' Very dense brown clayey sand with rounded gravel
S3| 40 | 13474218 535 60 eyt brown sy same sand,some roured gavi | Ue=>45TSF
6.0'-8.0'
 S4| 68 13474543 | Very dense brown clayey sand with rounded gravel ________ 60% Recovery
- | 8.0'-9.5 Very dense brown silty sand and rounded gravel
10 | s5| 810 | 14212342 [*"0¥:100 " Véiytenss big dayer sand aRh rounded gEAT 11TTTT]  83% Recovery
| 10.0'-12.0¢ Very stiff brown clay; some sand; gravel and sand from 10.2' Uc= >4.5TSF
| se| 1012 |19242242| o e e el moom | Hz0 &t 11.3'
12.0'-17.2%'
S7 1214’ 31-25-20-48 Very dense brown clayey sand with rounded gravel; 100% Recovery
15 [WET from 12.1'to 12.2' and 13.25'to 13.5']
S8 | 1416 10-10-20-25 Very dense brown clayey sand with rounded gravel; 45% Recovery
[WET]
so | 16.18 | 38310731 1725 110 Vay sii brown oy some sand some grav AL 1| Uo- 40TsF
~180-18.25  very dense brown olayey sand with rounded gravel (WET]____
20 S10 18-20' 19-25-26-23 | 18:25'-20.0° Very dense light brown silty fine sand [DRY] 100% Recovery
-End of Boring at 20.0 feet-
25

DVANTAGE
NGINEERS

910 Century Drive, Mechanicsburg, PA 17055
(717) 458-0800 FAX: (717) 458-0801
www.advantageengineers.com

RIG TYPE: Truck-Mounted CME-55

DRILLING METHOD: Hollow Stem Auger

ADVANTAGE REP.: Brian K. Hilsabeck

DRAWN/COMPILED BY: Brian K. Hilsabeck

DATE DRILLED: September 2, 2011




TEST BORING LOG SHEET1OF 1

PROJECT NAME: PPL Ash Basin 6 - Brunner Island Seepage & Embankment Stability Study
PROJECT NUMBER: 1100517

BORING NO.: TB-C5

CLIENT: Schnabel Engineering Consultants, Inc. £ TOP OF GROUND:
GROUNDWATER DATA: Dry
) L
LOCATION: Station 22+00 E Depth: Not Encountered
FIELD SURVEYED TOPO ESTIMATE v Time: Completion
w w E
DEPTH |Z 4 7 < BLOWS PER
£ < S < SOIL DESCRIPTION REMARKS
(feet) 5 4 6"
w =z [72] a
| g0 o8 Gray sand and gravel Road Base
st| 02 [181221:20| O%"20  verydense brownsitysand with rounded gravel 100% Recovery
2.0'-6.5
S-2 2'-4' 8-13-10-10 Very stiff brown sandy clay; some rounded gravel;
5 75% Recovery, Uc= >4.5TSF
S3 4'-6' 12-10-10-13 Very stiff brown sandy clay with rounded gravel;
100% Recovery, Uc= >4.5TSF
—_— 6.5'-10.0' . i . Caveat 7.0 ft
sS4 6-7.4' 10-32-50/5" Very dense brown silty sand with rounded gravel,
42% Recovery; auger chatter from 7.0'to 7.7'
| | Very dense brown clayey sand with rounded gravel;
10 S5 8-10' 8161716 | 83% Recovery; Ue=2.0TSF
- | 2O0F LY Verystiff brown sandy clay with rounded gravel Uo= >4.5TSF
86 | 10412 | 6151623 | 19129 very dense brown sand with rounded gravel; somesitt______ 100% Recovery
| o 12.0'-13.28' Very stiff brown sandy clay, some rounded gravel Uc= >4 5TSF
§7 | 12-14' | 9-16-19-50 [ 13.25':14.0'_ Very dense brown silty sandy rounded gravel """~
15 14.0'- 15.5' . )
Very dense brown silty sand with rounded gravel 100% Recovery
S8 | 14-16' | 16-25-29-24 [T 6.5 06.07 "~ """ 7777 TTT IO IIII I Ue=>45TSF
| __16.0+16.5 __ Very dense brown silty sand with rounded gravel __________
— 16.5-17.5'  Very stiff brown sandy clay with rounded gravel Uc= >4.5TSF
_ 1 _ - D)) P m e e s e e e e e e e e, e e e e e e, e e e - 0,
S9 | 16-18' | 18-24-26-22 - L5180 _ Very dense brawn clayey sand with raunded gravel .. ___ 100% Recovery
-1807 185 Veydensebrownsityfinesand
20 |[s1i0| 18-20' | 10-79-13 [.185:19.75' \Verystiff brown sandy clay; trace gravel;, _______________ Uc= >4.5TSF
19.75'-20.0' Brown silty sand with gravel from 100% Recovery
o -End of Boring at 20.0 feet-
25
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ADVANTAGE REP.: Brian K. Hilsabeck

DRAWN/COMPILED BY: Brian K. Hilsabeck

DATE DRILLED: September 1, 2011
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Density and Unit Weight of Soil in Place by Sand-Cone Method

(per ASTM Designation D 15586)

PPL Ash Basin - Brunner Island Transient Seepage

Date: September 2, 2011 Project: & Embankment Stability Study
Client: Schnabel Engineering Consultants, Inc. Project No.: 1100517

Test Number 1 2 3 4
Material

Test Location HA-E1 HA-E2 HA-E3 HA-E4
Test Elevation/Lift

Wt. of sand before (Ibs.) 14.43 15.22 15.55 15.58
Wt. of sand after (Ibs.) 4.32 5.71 6.98 3.06
Wt. of sand in cone (lbs.) 3.82 3.82 3.82 3.82
Wt. of sand in hole (Ibs.) 6.29 5.69 4.75 8.70
Volume of hole (ft3) 0.0645 0.0583 0.0487 0.0892
Wt. of wet soil (Ibs.) 7.94 6.86 6.18 11.82
Moisture sample wet wt. (g) 3601.5 3111.6 2801.9 5361.5
Moisture sample dry wt. (g) 3202.8 2838.1 2581.7 5085.7
Wt. of water in sample 398.7 273.5 220.2 275.8
Percent field moisture (%) 12.4% 9.6% 8.5% 5.4%
Wt. of dry soil (Ibs.) 7.06 6.26 5.69 11.21
Wet density (Ibs./ft3) 123.2 117.6 126.9 132.5
Dry density (Ibs./ft3) 109.5 107.3 117.0 125.7
Field compaction (%)

Maximin unit weight (Ibs./ft3)

Optimum moisture content (%)

Specified compaction

The results stated on this report relate only to the material specifically identified.

These relative humidity resufts reflect the condition of the concrete floor at the time of this

test.

This test report shall not be reproduced except in full, without written approval from

Advantage Engineers

Reviewed by:

telecommunications | environmental | geotechnical

6520 Stonegate Drive, Suite 110, Allentown, Pennsylvania 18106
(610) 366-7120

(610) 366-7121 (fax)
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Geotechnical Engineering Report
PPL Ash Basin 6 - Brunner Island
York County, Pennsylvania

Advantage Project Number: 1100517

RESULTS OF INFILTRATION ANALYSIS
INVERT
TEST PIT ELEVATION INFILTRATION
LOCATION (feet below FESEMEIHOD RATE (in/hr)
existing grade)
TB-C1 8.0 CASE-PIPE 1.08
TB-C2 5.0 CASE-PIPE 0.6
TB-C3 8.0 CASE-PIPE 4.68
TB-C4 4.0 CASE-PIPE 0.36
TB-Cb 4.5 CASE-PIPE No Measurable Rate
HA-E1 2.0 DOUBLE RING 0.2
HA-E2 2.0 DOUBLE RING 0.84
HA-E3 2.25 DOUBLE RING 0.31
HA-E4 25 DOUBLE RING 0.25

telecommunications [ environmental | geotechnical

910 Century Drive, Mechanicsburg, Pennsyhania 17055

(717) 4550800

(717} 458-0801(fax)
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G I S MOISTURE CONTENT OF SOIL

: TECHNOLOGIES AASHTO T-265 or ASTM D-2216

Project #: 11001-37

Project: Ash Basin #6, Brunner Island

Date: 9/21/2011

weight of weight weight MOISTURE
BORING NO. | SAMPLE NO. tare wet soil +tare | dry soil +tare | CONTENT (%)
TB-C1 S .08 237.11 213.56 11.51
TB-C1 ~ 52 8.50 253.36 220.59 15.45
TB-C1 $-3 g.31 282.13 247.16 14.70
TB-C1 S4 g.15 251.67 23434 7.70
TB-C1 S5 8.74 290.61 276.88 5.12
TB-C1 S-6 8.42 312.79 298.70 4.85
TB-C1 S-7 9.28 354.27 331.85 6.95
TB-C1 S-8 6.87 288.79 254.89 13.67
TB-C1 S-9 9.10 169.75 154 .48 10.50
TB-C1 S-10 9.10 261.55 75141 4.18
TB-C2 S-3 8.44 266.79 250.60 6.69
TB-C2 S4 8.60 24519 230.57 6.59
TB-C2 S-6 839 343.67 326.88 5.27
TB-C2 S-10 8.47 209.17 184.78 13.83
TB-C3 S 8.39 276.92 253.45 9.58
TB-C3 S-2 9.04 232.54 220.62 5.63
TB-C3 — §-3 9.12 238.25 207.22 15.66
TB-C3 S4 8.47 282.53 766.98 6.02
TB-C3 S5 8.40 309.30 293.70 5.47
TB-C3 56 8.31 290.48 276.73 512
TB-C3 S-7 8.56 221.14 209.12 5.99
TB-C3 S8 8.49 275.95 259.08 6.73
TB-C3 S-9 9.08 208.12 192.72 8.39
TB-C3 S-10 9.22 257.26 228.48 13.13
TB-C4 S3 8.44 271.87 247.22 10.32
TB-C4 S-4 8.35 90.44 84.24 8.17
TB-C4 56 B8.28 238.10 210.35 13.73
TB-C4 S8 9.02 353.44 328.99 7.64
TB-C4 S-9 8.45 199.45 185.05 8.15
TB-C5 S-1 9.11 24477 224 .65 9.33
TB-C5 S-2 8.65 221.71 195.09 14.28
TB-C5 S-3 9.79 284.40 251.00 13.85
TB-C5 S4 9.70 233.75 214.37 9.47
TB-C5 S-5 9.60 238.35 223.62 6.88
TB-C5 S-6 9.86 315.69 297.32 6.39
TB-C5 S-7 9.72 268.09 255.50 5.12
TB-C5 S-8 9.63 221.38 205.62 8.04
TB-C5 S-9 9.72 247.96 236.13 5.23
TB-C5 S-10 9.75 258.41 223.83 16.15
By. DF Ck'd: MCM

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 www.gtstech.com



GTS

TECHNOLOGIES

MOISTURE CONTENT OF SOIL
AASHTO T-265 or ASTM D-2216

Project #: 11001-37

Project: Ash Basin #6, Brunner Island

Date: 9/26/2011

weight of weight welght MOISTURE
BORINGING: | SAMRLEING. tare wet soil +tare | dry soil + tare | CONTENT (%)
TB-C1 B-1 42.62 2674.21 2422.81 10.56
TB-C1 B-2 14.38 1314.13 1226.32 7.25
TB-C2 B-2 14.29 1367.91 1289.54 6.15
TB-C2 B-3 43.09 3035.81 2865.74 6.03
TB-C3 B-2 42.59 2772.42 2596.25 6.90
TB-C4 B-2 14.29 1393.91 1308.74 6.58
TB-C5 B-1 11.07 1223.61 1141.27 7.29
TB-C5 B-2 11.68 1311.00 1236.11 6.12
HA-E1 B-1 43.68 3091.70 2877.73 7.55
HA-E2 B-1 43.26 3097.79 2892.80 7.19
HA-E3 B-1 43.87 3099.52 2835.42 9.46
HA-E4 B-1 44.29 3096.24 2888.89 7.29
By: DFS Ck'd: MCM

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 www.gtstech.com
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Laboratory Testing Assignmants
Date: 9/19/2011
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Grain Size Distribution Curve
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Grain Size (mm)
GRAVEL SAND FINES
COARSE FINE COARSE MEDIUM I RINE SILT CLAY
9.2% 240% 66.8 %
0.0% 9.2% 17% 25% | 19.8% 34.2% 326 %
uscs
Project: Ash Basin #6 - Brunner Island Soil Type: sandy lean CLAY
Boring No.: TB-C5
Station: Classification: CL, A4 (4)
Offset: LL=27 % PL=18 %
Sample No.: S-2 Pl=9% w=143%
Depth: 20-401t Spec. Grav.: 2.65 (assumed)
ote: Minimum mass requirement was not met. Mass used for the test = 186.44 grams

AASHTO T-88, T-89, T-90, M-145
or ASTM D 422, D 4318, D 2487
10/6/2011

GTS

TECHNOLOGIES

——
GTS No. 11001-37

By: DFS

CLASSIFICATION TEST RESULTS
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EADHTC 13

Ckd: MCM

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com




Grain Size Distribution Curve
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CLAY
AASHTO R18

AR

FINES

By: DFS

0.01
441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com

SILT

10/24/2011

AASHTO T-88
or ASTM 422

0.1

FINE
17.3%

GRADATION TEST RESULTS

Grain Size (mm)

SAND
33.5%

8.7%

9.6%

COARSE | MEDIUM |

FINE
29.2%

334 %

GRAVEL
Brunner Island - Ash Basin #6

TB-C5
0.0-50ft

GTS No. 11001-37

COARSE
4.2%
B-1

100

Sample No.:

Boring No.:
Depth:

Project:




LIQUID LIMIT
Dish No.
Blows 31 21 16 0 0
WH. of Dish 2.48 2.50 2.49 0.00 0.00
Wt Dish + Wet Soil 14.05 14.25 14.18 0.00 0.00
Wt. Dish + Dry Soil 11.53 11.55 11.43 0.00 0.00
Wt. Of Dry Soll 9.05 9.05 8.94 0.00 0.00
Wi. Of Water 2.52 2.70 2.75 0.00 0.00
% Moist 27.85 29.83 30.76
PLASTIC LIMIT
Dish No.
WA, of Dish 2.53 2.45 0.00 0.00 0.00
Wi. Dish + Wet Soil 8.95 8.19 0.00 0.00 0.00
Wi. Dish + Dry Soil 7.89 7.24 0.00 0.00 0.00
Wt Of Dry Soil 5.36 4.79 0.00 0.00 0.00
Wit. Of Water 1.06 0.95 0.00 0.00 0.00
% Moist 19.78 19.83
FLOW CURVE
31.50 — . - ~
31.00 | — —
o — —
__ 3050 N
§_ B ‘;\
E 30.00 = = = — — e —
§ 29,50 4= ‘\; = —
f:; 29.00 — \“
= — s =
28.50 4 LS = ———
28.00 :—:— — > =
27.50
0 100
Number of Blows
Project: Ash Basin #6 - Brunner Island
Boring No.: TB-C4
LL 29 %
PL 20 %
Sample No.: S-6 PI 9%
Depth: 10.0-12.0t w 13.7%
ATTERBERG LIMITS TEST DATA
AASHTO T-88, T-99 or ASTM 4318
GTS TECHNOLOGIES, INC.
10/7/2011

GTS No. 11001-37

By: DFS

Ckd:

MCM



Grain Size Distribution Curve
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Grain Size (mm)
GRAVEL SAND FINES
COARSE | FINE COARSE MEDIUM GINE; SILT cLAY
26.5% 26.2 % 47.3%
13.0% | 13.5% 2.0% 3.8% 20.4 % 24.2% 234 %
uscs
Project: Ash Basin #6 - Brunner Island Soil Type: silty, clayey GRAVEL
Boring No.: TB-C4 with sand
Station: Classification: GC-GM, A-4 (1)
Offset: LL=24% PL=17%
Sample No.: S-3 Pl=7% w=10.3%
Depth: 4.0-6.0ft Spec. Grav.: 2.65 (assumed)
ote: Minimum mass requirement was not met. Mass used for the test = grams

Gr

GTS

TECHNOLOGIES

CLASSIFICATION TEST RESULTS
AASHTO T-88, T-89, T-90, M-145
or ASTM D 422, D 4318, D 2487

10/5/2011

GTS No. 11001-37

By: DFS

AN

ALiMEGo A

Ckd: MCM

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/238-3006 . Fax: 717/233-0994 . www.gtstech.com




Grain Size Distribution Curve
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AASHTO R18

By: KJE
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GTS No. 11001-37




Grain Size Distribution Curve
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Grain Size (mm)
GRAVEL SAND FINES
COARSE | FINE COARSE MEDIUM AL sILT cLAY
41.3% 436% 15.4 %
0.0% l 413 % 9.9% 184 % 153 % 8.6 % 6.5 %
uscs
Project: Ash Basin #6 - Brunner Island
Boring No.: TB-C3
Sample No.: S-4
Depth: 6.0-8.01t Moisture Content: w=6.0%
GRADATION TEST RESULTS
G— AASHTO T-88
TECHNOLOGIES S e i
10/6/2011
GTS No. 11001-37 By: DFS Ckd:. MCM

441 Friendship Road . Harrisburg, PA 17111 . Ph: 71 7/236-3006 . Fax; 717/233-0994 . www.gtstech.com




Grain Size Distribution Curve
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Grain Size (mm)
GRAVEL SAND FINES
COARSE | FINE COARSE MEDIUM EINE SILT | CLAY
244% 394 % 36.2 %
0.5% | 23.9% 8.0 % "I % 19.7 % 17.6 % | 18.6 %
uscs
Project: Ash Basin #6 - Brunner Island
Boring No.: TB-C3
Sample No.: B-2
Depth: 5.0-10.0ft Moisture Content: w=6.9 %
GRADATION TEST RESULTS
G— AASHTO T-88
' TECHNOLOGIES Dl = Y
10/6/2011
(R ]
GTS No. 11001-37 By. DFS Ckd: MCM

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax; 717/233-0984 . www.gtstech.com



Grain Size Distribution Curve

TECHNOLOGIES
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Grain Size (mm)
GRAVEL SAND FINES
COARSE FINE COARSE MEDIUM EINE SILT GLAY
54.4% 344 % 1.5%
16.7 % r7% 7.3% 15.0 % 1.8% 6.5% 5.0 %
USCs
Project: Ash Basin #6 - Brunner Island
Boring No.: TB-C2
Sample No.: S-6
Depth: 10.0-12.0 ft Moisture Content: w=53%
GRADATION TEST RESULTS
G. AASHTO T-88
or ASTM 422

L
10/6/2011
ESHIO F19

GTS No. 11001-37

By: DFS

Ckd: MCM

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com




LIQUID LIMIT
Dish No.
Blows 29 20 17 0 0
Wi. of Dish 2.55 2.50 2.563 0.00 0.00
Wt. Dish + Wet Soll 12.68 13.58 16.22 0.00 0.00
Wi. Dish + Dry Sail 11.02 11.66 13.79 0.00 0.00
Wi. Of Dry Soil 8.47 9.16 11.26 0.00 0.00
Wt. Of Water 1.66 1.92 2.43 0.00 0.00
% Moist 19.60 20.96 21.58
PLASTIC LIMIT
Dish No.
Wt. of Dish 2.51 2.51 0.00 0.00 0.00
W, Dish + Wet Soll 8.21 6.92 0.00 0.00 0.00
WE. Dish + Dry Soil 7.41 6.29 0.00 0.00 0.00
Wi. Of Dry Soil 4.90 3.78 0.00 0.00 0.00
Wt. Of Water 0.80 0.63 0.00 0.00 0.00
% Moist 16.33 16.67
FLOW CURVE
22.00 1 : - — — o N
21.50 - T - —
\Y —
£ 2100 = \\\—
; —— +
2 ; =—
§ 2080 - ‘\ 2 —
R — — =
S 2000 | N —
£ — -
_ \\ = —
19.50 — ~ — ——
19.00 —
10 100
Number of Blows
Project: Ash Basin #6 - Brunner Island
Boring No.: TB-C2
LL 20 %
PL 16 %
Sample No.: sS4 Pl 4%
Depth: 6.0-8.0.ft w 6.6%
ATTERBERG LIMITS TEST DATA
AASHTO T-88, T-99 or ASTM 4318
GTS TECHNOLOGIES, INC.
10/7/2011

GTS No. 11001-37 By: DFS Ckd: MCM




Grain Size Distribution Curve
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Grain Size (mm)
GRAVEL SAND FINES
COARSE FINE COARSE | MEDIUM FINE SILT | CLAY
436 % 33.6% 228%
0.0% 436% 6.5% | 10.3 % 16.8% 1.5% | 1.3%
uscs
Project: Ash Basin #6 - Brunner Island
Boring No.: TB-C2
Sample No.: S-3
Depth: 40-6.0ft Moisture Content: w=6.7 %

SIGTS s
TECHNOLOGIES Gl b AN

ALETO g

G1S No. 11001-37 ~ By. DFS Ckd. MCM

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com



Grain Size Distribution Curve
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Grain Size (mm)
GRAVEL SAND FINES
COARSE FINE COARSE | MEDIUM FINE SILT cLAY
48.2% 28.6 % 2.2%
36 % 44.5% 8.5% ’ T4% 127 % 1.4% 1.8%
uscs
Project: Ash Basin #8 - Brunner Island
Boring No.: TB-C2
Sample No.: B-3
Depth: 10.0-15.0 ft Moisture Content: w=6.0%
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441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com




Grain Size Distribution Curve
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Grain Size (mm)
GRAVEL SAND FINES
COARSE | FINE COARSE MEDIUM | FINE SILT | CLAY
40.9% 45.0% 14.0 %
0.0% | 40.9 % 10.2 % 17.8 % | 170 % 6.9 % l T1%
uscs
Project: Ash Basin #6 - Brunner Island
Boring No.: TB-C1
Sample No.: S-5
Depth: 8.0-10. ft Moisture Content: w=5.1%
GRADATION TEST RESULTS
G. AASHTO T-88
TECHNOLOGIES Sl G 1
10/5/2011
YT ]
GTS No. 11001-37 By: DFS Ckd: MCM

441 Friendship Road . Harrisburg, PA 17111 .

Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com




Grain Size Distribution Curve
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Grain Size (mm)
GRAVEL SAND FINES
COARSE FINE COARSE MEDIUM FINE SILT cLAY
253 % 35.3% 39.4%
41% 21.3% 51% 5.17% 25.1 % 18.8% 206 %
uscs
Project: Ash Basin #6 - Brunner Island Soil Type: clayey SAND with
Boring No.: TB-C1 gravel
Station: Classification: SC, A-4 (0)
Offset: LL=23% PL=15%
Sample No.: S-3 PI=8% w=147%
Depth: 40-6.01t Spec. Grav.: 2.65 (assumed)
ote: Minimum mass requirement was not met. Mass used for the test = 237.85 grams
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TECHNOLOGIES

AASHTO T-88, T-89, T-90, M-145
or ASTM D 422, D 4318, D 2487

10/5/2011

GTS No. 11001-37

By: DFS

CLASSIFICATION TEST RESULTS

Ckd: MCM

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com




Grain Size Distribution Curve
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Grain Size {mm)
GRAVEL SAND FINES
COARSE FINE COARSE I MEDIUM EINE: SILT I cLAY
26.8% 33.2% 40.0 %
0.7% 261 % 6.6 % l 6.3 % 203 % 18.4 % ‘ 217 %
uscs
Project: Ash Basin #6 - Brunner Island
Boring No.: TB-C1
Sample No.: B-1
Depth: 0.0-5.01t Moisture Content: w=10.6 %
GRADATION TEST RESULTS
GI. AASHTO T-88
TECHNOLOGIES T '
10/5/2011
GTS No. 11001-37 By:. DFS Ckd:. MCM

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com




Grain Size Distribution Curve
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Grain Size (mm)
GRAVEL SAND FINES
COARSE FINE COARSE | MEDIUM GINE SILT cLay
56.6 % A% 12.3%
1.7 % 44.9% 7.0% | 9.8% 14.3% 5.7% 6.6 %
uscs
Project: Ash Basin #6 - Brunner Island
Boring No.: HA-E4
Sample No.: B-1
Depth: 1.5-251t Moisture Content: w=7.3%
_ GRADATION TEST RESULTS
G AASHTO T-88
TECHNOLOGIES R Y
10/7/2011
O o )
GTS No. 11001-37 By: DFS Ckd. MCM

441 Friendship Road . Harrisburg, PA 17111 .

Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com




Grain Size Distribution Curve
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Grain Size (mm)
GRAVEL SAND FINES
COARSE FINE COARSE MEDIUM | FINE SUT CLAY
46.8% 276 % 25.6 %
7.0% 39.8% 7% 53% | 18.6 % 16.1 % 9.4%
uscs
Project: Ash Basin #6 - Brunner Island
Boring No.: HA-E3
Sample No.: B-1
Depth: 1.5-25ft Moisture Content: w=9.5%
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GTS No. 11001-37 By: DFS____ Ckd. MCM
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Grain Size Distribution C
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Grain Size (mm)
GRAVEL SAND FINES
COARSE l FINE COARSE MEDIUM FINE SILT CLAY
58.4 % 27.3% 14.4%
22.0% | 36.3 % 5.8% 9.4% 121 % 6.2% i 8.1 %
uscs
Project: Ash Basin #6 - Brunner Island Soil Type: silty GRAVEL with sand
Boring No.: HA-E2
Station: Classification: GM, A-1-a (0)
Offset: LL=19% PL=17 %
Sample No.: B-1 Pl=2% w=72%
Depth: 1.0-201 Spec. Grav.: 2.65 (assumed)
ote: Minimum mass requirement was not met. Mass used for the test = 2849.54 grams
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or ASTM D 422,

D 4318, D 2487
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CLASSIFICATION TEST RESULTS
AASHTO T-88, T-89, T-90, M-145

AR

Sl W19

Ckd_ MCM

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com




Grain Size Distribution Curve
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Grain Size (mm)
GRAVEL SAND FINES
COARSE FINE COARSE MEDIUM GNE SILT CLAY
53.5% 276 % 18.8 %
10.8 % 427% 49% 6.8% 16.0 % 8.5% 10.3%
UsCs
Project: Ash Basin #6 - Brunner Island Soil Type: silty GRAVEL with sandl
Boring No.: HA-E1
Station: Classification: GM, A-1-b (0)
Offset: LL=19% PL=17%
Sample No.: B-1 Pl=2% w=75%
Depth: 1.0-2.0ft Spec. Grav.: 2.65 (assumed)
ote: Minimum mass requirement was not met. Mass used for the test = 2834.05 grams

cGTS

TECHNOLOGIES

CLASSIFICATION TEST RESULTS

AASHTO T-88, T-89, T-90, M-145
or ASTM D 422, D 4318, D 2487

10/6/2011
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By: DFS Ckd: MCM
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Compaction Curve
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Project: Brunner Island - Ash Basin #6

Boring No.: TB-C1

Station:

Offset:

Sample No.: B-1 Max. Dry Density: 128.0 pcf
Depth: 0.0-5.0ft Opt. Moisture: 8.8 %

STANDARD PROCTOR COMPACTION TEST RESULTS

G I S AASHTO T-99 or ASTM D-698

TECHNOLOGIES A “’

10/25/2011

AASHTO R1B

GTS No. 11001-37 By: DFS Ckd: dsc

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com




Compaction Curve
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Project: Brunner Island - Ash Basin #6

Boring No.: TB-C2

Station:

Offset:

Sample No.: B-3 Max. Dry Density: 133.8 pcf
Depth: 10.0-15.01t Opt. Moisture: 7.2%

STANDARD PROCTOR COMPACTION TEST RESULTS

G I S AASHTO T-99 or ASTM D-698

TECHNOLOGIES A ’

10/27/2011

BAZHTO R0

GTS No. 11001-37 By: KJE Ckd: dsc

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com




Compaction Curve

134

133

132

131

130

129

128

127

126

Dry Unit Weight (pcf)

125

124

123

122

121

120
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
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Project: Brunner Island - Ash Basin #6
Boring No.: HA-E2

Sample No.: B-1 Max. Dry Density: 132.4 pcf
Depth: 1.0-3.0ft Opt. Moisture: 7.7 %

STANDARD PROCTOR COMPACTION TEST RESULTS

G I S AASHTO T-99 or ASTM D-698

TECHNOLOGIES A Y

10/27/2011

AASHTO R18

GTS No. 11001-37 By. KJE Ckd: dsc

441 Friendship Road . Harrisburg, PA 17111 . Ph: 717/236-3006 . Fax: 717/233-0994 . www.gtstech.com
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801 Belvedere Street

DU FF IELD Carlisle, PA 17013-4002

(717) 2459100
ASSOCIATES Fax (717) 245-9656

: . www.duffnet.com
Consuitants in the Geosciences

i

STANDARD TEST METHOD FOR
MEASUREMENT OF "HYDRAULIC CONDUCTIVITY OF SATURATED POROUS
MATERTALS USING A FLEXTBLE WALL PERMEAMETER

ASTM DESIGNATION: D 5084

Test Specimen Data

Sample Type: Remold Unified Classification:

Water Content: 89 % Satutation: 450 %
Dty Density: 108.9 pcf Diameter: 4.00 in
Void Ratio: .5186 Height: 4.584 in

Test Results

Consalidation Pressure: 10.00 psi Height: 4.543 in
Cell Pressure: 65 psi Water Content; 19.1 %
Back Pressutre: Dry Density: 109.9 pef
At bottom of specimen: 59 psi Void Ratio: 5050
At top of specimen: 55 psi Saturation: 100.0 %
Hydraulic Gradient: 234

PERMEABILITY: [[EEY « KGR /-

Sample No.: TB-C1B-1

Sample Description: Brown Sandy Silt and Gravel
Source: TB-C1B-1

Remarks: Sample compacted to 85.0% Standard Proctor Density at
a moisture content of §.9%

Project No.: 9339.ZA
Brunner Island - Ash Basin No.6
York County, PA
November 17, 2011
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801 Belvedere Street

DUF F IELD Carlisle, PA 17013-4002

(717) 245-9100
ASSOCIATES Fax (717) 245-9656

. . www.duffnet.com
Consultants in the Geosciences —_—————

STANDARD TEST METHOD FOR
MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS
MATERTATLS USING A FLEXIBLE WALL PERMEAMETER

ASTM DESIGNATION: D 5084

Test Specimen Data

Sample Type: Remold Unified Classification:
Water Content: 73 % Saturation: 426 %
Dsy Density: 113.7 pef Diameter: 4,00 in
Void Ratio: 4545 Height: 4.584 in
Test Results
Consolidation Pressure: 10.00 psi Height: 4.5351n
Cell Pressure: 65 psi Water Content: 16.6 %
Back Pressure: Dry Densiry: 114.9 pcf
At bottom of specimen: 59 psi Void Ratio: 4389
At top of specimen: 55 psi Saturation: 100.0 %
Hydraulic Gradient: 23.4

PERMEABILITY: N 10 5 PR

Sample No.: TB-C2 B-3
Sample Description: Brown Silty Sand and Grave!
Soutce: TB-C2 B-3

‘Remarks: Sample compacted to 85.0% Standard Proctor Density at
a moisture content of 7.3%

Project No.: 9339.ZA
Brunner Island - Ash Basin No.6
York County, PA
November 17, 2011



801 Belvedere Street
——- DUFFI ELD . Carlisle, P(:;l ; )72 z_-;(l)gg
‘- ASSOCIATES Fax (717) 245-9656

. h www.duffnet.co
Consuitants in the Geosciences Www.culneLcon

STANDARD TEST METHOD FOR
MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS
MATERIALS USING A FLEXIBLE WALL PERMEAMETER

ASTM DESIGNATION: D 5084

Test Specimen Data
Sample Type: Remold Unified Classification:
Water Content: 88 % Saturation: 450 %
Dry Density: 108.9 pof Diameter: 4.00 in
Void Ratio: .5186 Height: 4.584 in
Test Results
Consolidation Pressute: 10.00 psi Height: 4.548 in
Cell Pressure: 65 psi Water Content: 18.9 %
Back Pressure: Dry Density: 110.1 pef
At bottom of specimen: 59 psi Void Ratio: 5015
At top of specimen: 55 psi Saturation: 100.0 %
Hydraulic Gradient: 22.0

PERMEABILITY: « ITE -/ <

Sample No.: TB-C3 B-2

Sample Description: Brown Silty Sand and Gravel

Source: TB-C3 B-2

Remarks: Sample compacted to 85.0% Standard Proctor Density at
a moisture content of 8.8%

Project No.: 9339.ZA
Brunner Island - Ash Basin No.6
York County, PA
November 18, 2011



801 Belvedere Street

DUF F IELD Carlisle, PA 17013-4002

(717) 245-9100

hq
& ASSOCIATES Fax (717) 245-9656

www.duffnet.com

Consultants in the Geosciences

STANDARD TEST METHOD FOR
MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED PORCUS
MATERTALS USING A FLEXIBLE WALL PERMEAMETER

ASTM DESTGNATION: D 5084

Test Specimen Data

Sample Type: Remold Unified Classification:
Water Content: 71 % Saturation: 41.4 %
Dry Density: 113.7 pef Diameter: 4.00 in
Void Ratio: 4545 Height: 4.584 in
Test Results
Consolidation Pressure: 10.00 psi Height: 4,551 in
Cell Pressure: -65 psi Watet Content: 16.8 %
Back Pressure: Dry Density: 114.5 pcf
At bottom of specimen: 59 psi Void Rato: 4440
At top of specimen: 55 psi Saturation: 100.0 %
Hydraulic Gradient: 23.4

PERMEABILITY: [|EX2Y « TS~/

Sample No.: TB-C4 B-2

Sample Desctiption: Brown Sandy Silt and Gravel
Source: TB-C4 B-2

Remarks: Sample compacted to 85.0% Standard Proctor Density at
a moisture content of 7.1%

Project No.: 9339.ZA
Brunner Island - Ash Basin No.6
York County, PA
November 21, 2011
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STANDARD TEST METHOD FOR

801 Belvedere Street
Carlisle, PA 17013-4002
(717) 245-9100

Fax (717) 245-9656
www.duffnet.com

MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS
MATERTAT,S USING A FLEXIBLE WALL PERMEAMETER

ASTM DESIGNATION: D 5084

Test Specimen Data

Sample Type: Remold Unified Classification:
Water Content: 81 % Saturation: 46.5 %
Dry Density: 108.9 pcf Diameter: 4.00 in
Void Ratio: .5186 Heiglt: 4.584 in
Test Results
Consolidation Pressure: 10.00 psi Height: 4.548 in
Cell Pressure: 65 psi Water Content: 19.1 %
Back Pressure: Dry Density: 109.8 pcf
At bottom of specimen: 58 psi Void Ratio: .5066
At top of specimen: 55 psi Saturation: 100.0 %
Hydraulic Gradient: 225

rerMEAILITY:  [EREH « ETRR

Sample No.: TB-C5 B-1

Sample Description: Brown Silty Sand and Gravel

TB-C5 B-1

Source:

Remarks: Sample compacted to 85.0% Standard Proctor Density at
a moisture content of 9.1%

Project No.: 9339.ZA

Brunner Island - Ash Basin No.6

York County, PA
November 17, 2011
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801 Belvedere Street

DU F F IELD Carlisle, PA 170134002

(717) 245-9100
ASSOC IATES Fax (717) 245-9656

Consuitants in the Geosciences iU et Cony

STANDARD TEST METHOD FCR .
MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS
MATERIALS USING A FLEXIBLE WALL PERMEAMETER

ASTM DESIGNATION: D 5084

Test Specimen Data

Sample Type: Remoid Unified Classification:

Water Content: 85 % Saturation: 975 %
Dty Density: 117.5 pef Diameter: 4.00 in
Void Ratio: 4062 Height: 4,584 in

Test Results

Consolidation Pressure: 1.44 ksf Height: 4.551 in
Cell Pressure: 65 psi Water Content: 149 %
Back Pressure: Dsy Deansity: 118.4 pcf
At bottom of specimen: 59 psi Void Ratio: .3961
At top of specimen: 55 psi Saturation: 100.0 %
Hydraulic Gradient: 244

PERMEABILITY: Ml 107 Py

Sample No.: HAE3 B-1
Sample Description: Brown Silty Sand
Source: HAE3 B-1

Remarks: Sample compacted to 117.5 pcf Dry Density at
a moisture content of 8.5%.

Project No.; 8339.ZA
Brunner Island - Ash Basin No. 6
York County, Pennsylvania
December 2, 2011
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Consultants in the Geosciences wwrw duffnet.com

STANDARD TEST METHOD FOR
MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS
MATERIALS USING A FLEXIBLE WALL PERMEAMETER

ASTM DESIGNATION: D 5084

‘Test Specimen Data

Sample Type: Remold Unified Classification:

Water Content: 8.6 % Saturation: 98.5 %
Dty Density: 107.5 pcf Diametes: 4.00 in
Void Ratio: .5388 Height 4.584 in

Test Results

Consolidation Pressure: 1.44 ksf Height . 4,560 in
Cell Pressute: 65 psi Water Content: 201 %
Back Pressure: D1ty Density: 107.9 pcf
At bottom of specimen: 59 psi Void Ratio: 5317
At top of specimen: 55 psi Saturation: 100.0 %
Hydraulic Gradient: 234

PERMEABILITY: |EXTR ~ TRl cm/scc

Sample No.: HA E2 B-1
Sample Description: Brown Sandy Silt
Source: HA E2 B-1

Remarks: Sample compacted to 107.5 pcf Dry Density at
a moisture content of 9.6%.

Project No.: 9339.ZA
Brunner Island - Ash Basin No. 6
York County, Pennsylvania
December 2, 2011
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Schnabel Project No. 11615019

Brunner Island AB No. & Transient Seepage Analysls

Saturated Hydraulic Conductivity Evaluation

Table 1 - In Situ [Fleld] Hydraullec Conductivity Values from Maeasured infittration Rates

Infiltration | _infiltration | Infiitration Sat. Sat. Sat.
Location sample Depth Test Rate Rate Rate Hyd Cond, K | Hyd Cond, K | Hyd Cond, K
No. (ft bgs) Method {in/hr} l:m/ﬂ {sec/m) {m/sec) {ft/sec) (:mls_a_c)_
Ta.cl nfo [l CasePipn 108 7.62E04 | 1316405 13306 | 435606 3308 |
E=] nfa s Cane-Pipe o6 42308 2368405 Liede | 363808 AIE04 |
X=] nfa 8 Case Pipe 458 3.30E-03 3.09E+04 2.09€-06 EBAEDS | 209604
T8-C4 nfz 4 Cate-Fipe 036 254604 3045405 9A4E-07 ADE-06 SAEDS
1805 na 45 Case-Fipe 1]
HAE nfa 2 Double Ring 6.2 141E-04 7.09E+05 7.87€07 258606 7.8IED5
HAE2 n/a 2 Double Ring B B304 1656405 123600 4.03£06 123604
HAES n/a 2.25 Double Ring 31 ATE 04 4570405 9 026-07 2.96E 06 9.0IE05
HAEL nfa 2.5 Dauble Hing 75 TEEDE EETE0E B4E 07 2TIEDS BAIE0S
F 6.64E-06]  2.09¢-04]
V6 378606 115604
[rim 2.58E-06 7.876-05
1) Not messureable
Table 2 - e ra i Values
Initial Speciman Final Specimen Sat. Sat.
Malst. Dry Moist Void Moist. Dry Moist (Sat) Void Hyd Cond, K | Hyd Cond, K
Sample Depth uscs % Passing | Saturation,$ | Content, m Unit Wt, y4 Unit Wt, v, Ratio, e Saturation, S | Content,m Unit Wt, vy | Unit Wi, v, Ratio, e (ft/sec) [crm/sec)
No. {ft bgs) #200 (%) %) {pch) [peh) (%) {%) {pef) {pcf)
HA-E2 B-1 05 GM 14.4 58.5 a6 107.5 117.8 540 100 0.1 107.9 1395 0532 6.766-09 206507
HAEY 81 05 Mt 255 975 85 117.5 127.5 A 100 143 1184 1360 0396 233608 7.066-07
TB-C1 B-1 05 SM/C 400 45.0 8.9 108.9 1185 1518 100 13. 109, 13039 0,505 2.19E-07 GHE06
TEC2 - 10-15 omic 2L 426 73 113.7 1720 AS5 100 16 14 134.0 0.439 2.29E06 6.98E-05
TB-03 - 5-10 SM/C 38. 450 88 1089 1185 519 100 185 10. 1303 0502 5.14E06 18IED4
TB-C4 - 510 GM/T 23, a14 71 13.7 1718 455 100 15, 142 133.7 0444 1,.86E-07 568606
TB-CS o5 3 EER 465 51 1089 118.8 0519 100 15.1 103, 1308 0.507 266506 811608
WAX 30.0] 985 5.6] 1175 127.5 0540 100.0 0. 184 136, 0532]  614e06| 187604
VG 28.1] 59.5 85| 111.3 120.7 0487 100.0 17, 1122 132 0475 165506  S.02605
N 124] 414 7.1] 107.5 117.8 0,406 100.0 1d. 1079 128, 0396  6.76E09|  2.06E-07
ALL DATA:
AMAX
VG
MIN




Saturated Hydraulic Conductivity (ft/sec)

1.00E-05

1.00E-06

1.00E-07

1.00E-08

1.00E-09

Figure 1 - Box Plot Showing Saturated Hydraulic Conductivity Values

In-Situ/Field Values

Laboratory Values

Max.
Upper Quarfile
Avg
= Lower Quartile
Min

All Values (In-Situ/Field and Lab)
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Hydraulic Analysis of Flood Flows at Brunner Island

Purpose:

Define peak flow frequency curve

Define typical times for rise, high stage, and fall of hydrographs during major floods
Develop precipitation-frequency-duration data

Brunner Island is on the Susquehanna River between two USGS stream gages:

USGS 01570500 Susquehanna River at Harrisburg, PA

LOCATION.--Lat 40°15'17", long 76°53"11", Dauphin County, Hydrologic Unit 02050305, on east bank of
City Island, 60 ft downstream from Market Street bridge in Harrisburg, 3,670 ft upstream from sanitary
dam, and 1.7 mi upstream from Paxton Creek.

DRAINAGE AREA.--24,100 mi2.

PERIOD OF RECORD.--October 1890 to current year.

GAGE.--Water-stage recorder. Concrete control since Aug. 29, 1916. Datum of gage is 290.01 ft above
National Geodetic Vertical Datum of 1929. Prior to Oct. 1, 1928, nonrecording gage at Walnut Street
Bridge 600 ft upstream, and Oct. 1, 1928, to Aug. 31, 1975, water-stage recorder at site 3,170 ft
downstream, all gages at same datum.

EXTREMES OUTSIDE PERIOD OF RECORD.--Maximum stage known during period 1786 to 1890, 26.8
ft at Walnut Street bridge, June 2, 1889, discharge, 654,000 ft3/s.

USGS 01576000 Susquehanna River at Marietta, PA

LOCATION.--Lat 40°03'16", long 76°31'562", Lancaster County, Hydrologic Unit 02050306, on left bank
420 ft upstream from Chickies Creek, and 1.0 mi downstream from Marietta. Records include flow of
Chickies Creek.

DRAINAGE AREA.--25,990 mi2, approximately, includes that of Chickies Creek.

PERIOD OF RECORD.--October 1931 to current year.

GAGE.--Water-stage recorder. Datum of gage is 200.56 ft above sea level.

EXTREMES OUTSIDE PERIOD OF RECORD.--Flood of June 2, 1889, reached a stage of 58.2 ft, from
floodmark, discharge, about 630,000 ft3/s.

The site is closer to the Marietta gage and there are no dams between the site and this gage; therefore,
the Marietta gage will be used for the analysis.

Peak Flow Frequency Curve

Using the USGS Program PeakFQ, Annual Flood-Frequency Analysis Using Bulletin 17B Guidelines, the
following peak flow frequency curve was developed. It was assumed that the 1889 peak flow was an
historic peak (but not necessarily the historic peak, as it was recorded by a means prior to establishment
of the stream gage in 1932) for the historic period of 111 years, from 1889 to 2010.

The results are summarized below and compared with the peak flows contained in the Lancaster Flood
Insurance Study. Because the results compare relatively well, the peak elevations shown in the IFS will
be used.



Percent
ANNUAL Chance
Return
EXCEEDANCE period BULL.17B Lancaster County FIS
PROBABILITY ESTIMATE | Peak Flow | Peak Elevation
(cfs) (cfs) (it, NAVD 88)
0.995 123,800
0.99 130,900
0.95 155,400
0.9 172,300
0.8 197,600
0.6667 227,300
0.5 50 2-yr 266,800
0.4292 286,200
0.2 20 5-yr 379,700
0.1 10 10-yr 466,700 | 420,000 270.7
0.04 4 25-yr 591,800
0.02 2 50-yr 696,500 | 615,000 276.8
0.01 1 100-yr 811,900 | 725,000 279.2
0.005 0.5 200-yr 939,300
0.002 0.2 500-yr 1,129,000 | 1,100,000 | 288.8

As shown in the attached peak flow frequency analysis results, the peak of record occurred during
Hurricane Agnus in June 1972. The only other storm t exceed the 2 percent chance event occurred in
1936.While causing significant damage elsewhere, Hurricane Diane in October 1955 was less than a 50-
percent-chance event on the Susquehanna in this area.

Typical Times for Rise, High Stage, And Fall of Hydrographs During Major Floods

Daily flows for the Marietta gage were observed for the major flood events.

It was found that, for the record storm, Hurricane Agnes in June 1972, the period of rise to the 2 percent
chance (50-year) event was about 2 days. The period of high stage above the 2 percent chance event
was about 3 days. Using the 50 percent chance (2-year) peak flow to identify the end of the flood event,
the period of fall was about 2 days.

Precipitation-Frequency-Duration Data

The attached table shows the results of the precipitation frequency data, developed using NOAA’s Atlas
14,



1;3?_ T T T T T T T T T T T T T T

Bill. 1IAE frequanoy
@ ®  Susteretic peks
Sustervat ic Frequanoy
+ *t  Histor ical adjusted
R Confidence livits

ANA FEK CI9HRE
CLEIC FEET FER 0D

Gt T Regkfq 5 orun 6TR20 Z149
% MOTE — Rreliminay oovputakion
= is regeoasible for

ﬂl - 1 | I 1 1 L L 1 1 I 1

99.5 | B @8 @ @ == 4 s n 5 2 18582

A-MAL E{EEAE FRIEFEDLTTY, FERENT
Stat i — 9158098 Sisaebtenna River at Meristts, FA



1576000.PRT. txt

1
Program PeakFq U. S. GEOLOGICAL SURVEY Seq.000.000
Ver. 5.2 Annual peak flow frequency analysis Run Date / Time
11/01/2007 following Bulletin 17-B Guidelines 06/30/2011 21:13

-—-- PROCESSING OPTIONS ---

Plot option = None
Basin char output = None
Print option = Yes
Debug print = No

Input peaks listing = Long

Input peaks format WATSTORE peak file
Input files used:
peaks (ascii) -
G:\2011-SEC-310BS\11615019_00-ASH_BASIN _6_SLOPE_STABILITY\DATA\1576000.TXT
specifications - PKFQWPSF.TMP

Output file(s):
main -
G:\2011-SEC-J0BS\11615019_00-ASH_BASIN_6_SLOPE_STABILITY\DATA\1576000.PRT

1

Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.001
ver. 5.2 Annual peak flow frequency analysis Run Date / Time
11/01/2007 following Bulletin 17-B Guidelines 06/30/2011 21:13

Station - 01576000 Susquehanna River at Marietta, PA

INPUT DATA SUMMARY
Number of peaks 1in record = 80
Peaks not used in analysis = 0
Systematic peaks in analysis = 79
Historic peaks in analysis = 1
Years of historic record = 111
Generalized skew = 0.560
Standard error = 0.550
Mean Square error = 0.303
Skew option =  WEIGHTED
Gage base discharge =
User supplied h1gﬁ outtier threshold = --
user supplied Tow outlier criterion = -
Plotting position parameter = 0.00
wddckickddkk  NOTICE -- Preliminary machine computations. ERA R AR
*xxxwwikt  Uger responsible for assessment and interpretation. #¥#®¥wEwik
WCF134I-NO SYSTEMATIC PEAKS WERE BELOW GAGE BASE. 0.0

WCF156I-17B HI-OUTLIER TEST SUPERSEDED BY MIN HIST PK 898061.8
WCF165I-HIGH OUTLIERS AND HISTORIC PEAKS ABOVE HHBASE. 2 1 630000.3

WCF195I-NO LOW OUTLIERS WERE DETECTED BELOW CRITERION. 83347.2
1
Program PeakFq U. S. GEOLOGICAL SURVEY ] Seq.001.002
ver. 5.2 Annual peak flow frequency analysis Run Date / Time

Page 1



1576000, PRT. txt
11/01/2007 following Bulletin 17-B Guidelines 06/30/2011 21:13

Station - 01576000 Susquehanna River at Marietta, PA

ANNUAL FREQUENCY CURVE PARAMETERS -- LOG-PEARSON TYPE III

FLOOD BASE LOGARITHMIC

EXCEEDANCE STANDARD
DISCHARGE PROBABILITY MEAN DEVIATION SKEW
SYSTEMATIC RECORD 0.0 1.0000 5.4428 0.1739 0.672
BULL.17B ESTIMATE 0.0 1.0000 5.4423 0.1709 0.569

ANNUAL FREQUENCY CURVE -- DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES

ANNUAL 'EXPECTED 95-PCT CONFIDENCE LIMITS
EXCEEDANCE BULL.17B SYSTEMATIC PROBABILITY' FOR BULL. 17B ESTIMATES
PROBABILITY ESTIMATE RECORD ESTIMATE LOWER UPPER

0.9950 123800.0 126900.0 121700.0 107100.0 139100.0

0.9900 130900.0 133400.0 129000.0 114100.0 146300.0

0.9500 155400.0 156200.0 154100.0 138200.0 171100.0

0.9000 172300.0 172300.0 171300.0 155000.0 188300.0

0.8000 197600.0 196700.0 197000.0 180200.0 214100.0

0.6667 227300.0 225800.0 227000.0 209500.0 244900.0

0.5000 266800.0 265100.0 266800.0 247700.0 287000.0

0.4292 286200.0 284700.0 286400.0 266000.0 308200.0

0.2000 379700.0 380800.0 381300.0 350700.0 415600.0

0.1000 466700.0 472600.0 471100.0 425600.0 521400.0

0.0400 591800.0 607500.0 602700.0 529000.0 680000.0

0.0200 696500.0 723100.0 715500.0 613100.0 817500.0

0.0100 811900.0 852500.0 842500.0 703800.0 972800.0

0.0050 939300.0 997800.0 986300.0 802100.0 1148000.0

0.0020 1129000.0 1218000.0 1207000.0 945300.0 1416000.0

Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.003
ver. 5.2 Annual peak flow frequency analysis Run Date / Time
11/01/2007 following Bulletin 17-B Guidelines 06/30/2011 21:13
Station - 01576000 Susquehanna River at Marietta, PA
INPUT DATA LISTING
WATER YEAR DISCHARGE CODES WATER YEAR DISCHARGE CODES
-1889 630000.0 H 1971 238000.0
1932 256000.0 1972 1080000.0
1933 296000.0 1973 224000.0
1934 152000.0 1974 218000.0
1935 263000.0 1975 545000.0
1936 787000.0 1976 260000.0
1937 241000.0 1977 283000.0
1938 176000.0 1978 277000.0
1939 213000.0 1979 452000.0
1940 432000.0 1980 220000.0

Page 2



1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

249000.
307000.
428000.
211000.
254000.
492000.
214000.
310000.
227000.
298000.
420000.
329000.
227000.
246000.
183000.
325000.
249000.
274000.
241000.
370000.
386000.
265000.
245000.
473000.
129000.
280000.
191000.
208000.
143000.
350000.

OCOOOOOOOCOOOCOOOOCOCOOCOOOOOOOOOOO0O

1576000.PRT. txt

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

316000.
207000.
276000.
458000.
137000.
384000.
238000.
200000.
230000.
138000.
216000.
172000.
448000.
365000.
192000.
601000.
277000.
336000.
247000.
224000.
158000.
197000.
289000.
577000.
391000.
421000.
247000.
352000.
146000.
316000.

Explanation of peak discharge qualification codes

PeakFQ
CODE

IACrXo0o

Program Pea
ver. 5.2
11/01/2007

OO0 O0OQOCOOOOOOOOOOOOOOOOOOOOOOOO0

NWIS
CODE DEFINITION
3 pam failure, non-recurrent flow anomaly
8 Discharge greater than stated value
3+8 Both of the above
4 Discharge less than stated value .
6 OR C Known effect of regulation or urbanization
7 Historic peak
Minus-flagged discharge -- Not used in computation
-8888.0 -- No discharge value given : ]
Minus-flagged water year -- Historic peak used in computation
kFq U. S. GEOLOGICAL SURVEY Seq.001.004

Annual peak flow frequency analysis
following Bulletin 17-B Guidelines

Run Date / Time
06/30/2011 21:13

Station - 01576000 Susquehanna River at Marietta, PA

EMPIRICAL FREQUENCY CURVES -- WEIBULL PLOTTING POSITIONS

WATER

RANKED

SYSTEMATIC
Page 3

BULL.17B



1576000. PRT. txt

YEAR DISCHARGE RECORD ESTIMATE
1972 1080000.0 0.0125 0.0089
1936 787000.0 0.0250 0.0179
-1889 630000.0 - 0.0268
1996 601000.0 0.0375 0.0375
2004 577000.0 0.0500 0.0500
1975 545000.0 0.0625 0.0626
1946 492000.0 0.0750 0.0751
1964 473000.0 0.0875 0.0876
1984 458000.0 0.1000 0.1001
1979 452000.0 0.1125 0.1127
1993 448000.0 0.1250 0.1252
1940 432000.0 0.1375 0.1377
1943 428000.0 0.1500 0.1502
2006 421000.0 0.1625 0.1627
1951 420000.0 0.1750 0.1753
2005 391000.0 0.1875 0.1878
1961 386000.0 0.2000 0.2003
1986 384000.0 0.2125 0.2128
1960 370000.0 0.2250 0.2254
1994 365000.0 0.2375 0.2379
2008 352000.0 0.2500 0.2504
1970 350000.0 0.2625 0.2629
1998 336000.0 0.2750 0.2755
1952 329000.0 0.2875 0.2880
1956 325000.0 0.3000 0.3005
1981 316000.0 0.3125 0.3130
2010 316000.0 0.3250 0.3255
1948 310000.0 0.3375 0.3381
1942 307000.0 0.3500 0.3506
1950 298000.0 0.3625 0.3631
1933 296000.0 0.3750 0.3756
2003 289000.0 0.3875 0.3882
1977 283000.0 0.4000 0.4007
1966 280000.0 0.4125 0.4132
1978 277000.0 0.4250 0.4257
1997 277000.0 0.4375 0.4383
1983 276000.0 0.4500 0.4508
1958 274000.0 0.4625 0.4633
1962 265000.0 0.4750 0.4758
1935 263000.0 0.4875 0.4883
1976 260000.0 0.5000 0.5009
1932 256000.0 0.5125 0.5134
1945 254000.0 0.5250 0.5259
1941 249000.0 0.5375 0.5384
1957 249000.0 0.5500 0.5510
1999 247000.0 0.5625 0.5635
2007 247000.0 0.5750 0.5760
1954 246000.0 0.5875 0.5885
1963 245000.0 0.6000 0.6011
1937 241000.0 0.6125 0.6136
1959 241000.0 0.6250 0.6261
1971 238000.0 0.6375 0.6386
1987 238000.0 0.6500 0.6511
1989 230000.0 0.6625 0.6637
1949 227000.0 0.6750 0.6762
1953 227000.0 0.6875 0.6887
1973 224000.0 0.7000 0.7012
2000 224000.0 0.7125 0.7138
1980 220000.0 0.7250 0.7263
1974 218000.0 0.7375 0.7388
1991 216000.0 0.7500 0.7513
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1947
1939
1944
1968
1982
1988
2002
1995
1967
1955
1938
1992
2001
1934
2009
1969
1990
1985
1965

214000.
213000.
211000.
208000.
207000.
200000.
197000.
192000.
191000.
183000.
176000.
172000.
158000.
152000.
146000.
143000.
138000.
137000.
129000.

End PeakFQ analysis.
Stations processed :
Number of errors
Stations skipped

Station years

OCOO0OOOOOOOOOOOOOOO0O

COOR

1576000.PRT. txt

. 7625
.7750
.7875
.8000
.8125
.8250
.8375
.8500
.8625
.8750
. 8875
.9000
.9125
.9250
.9375
.9500
.9625
.9750
. 9875

COOO0OO0OOCOO0OCOOOOOOOOO0O

.7639
.7764
.7889
.8014
.8139
.8265
.8390
.8515
. 8640
.8766
.8891
.9016
.9141
.9267
.9392
.9517
. 9642
.9768
.9893

COO0OO0OOOCOOCOCOOOOOOOO0O00

Data records may have been ignored for the stations Tisted below.

(card type must be Y, z, N, H, I, 2, 3, 4,

(2, 4, and * records are ignored.)

or *.)

For the station below, the following records were qignored:

FINISHED PROCESSING STATION:

01576000

USGS susquehanna River at Marietta

For the station below, the following records were ignored:

FINISHED PROCESSING STATION:
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Page 1 of 4

Precipitation Frequency Data Server
NOAA Atlas 14, Volume 2, Version 3
Location name: Mt Wolf, Pennsylvania, US*
Coordinates: 40.0999, -76.6967
Elevation: 266ft*
* source: Google Maps
POINT PRECIPITATION FREQUENCY ESTIMATES
G.M. Bonnin, D. Martin, B, Lin, T. Parzybok, M.Yekta, and D. Riley
NOAA, National Weather Service, Silver Spring, Maryland
PF tabular | PF_graphical [ Maps & aerials
PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1
Duration Average recurrence IntervaKyears)
1 2 5 10 25 50 100 200 500 1000
S-min 0.318 0.379 0.447 0.496 0.556 0.599 0.641 0.680 0.727 0.764
- (0.287-0.354)||(0.340-0.421)||(0.401-0.497)||(0.444-0.550)||(0.496-0.616) |{0.533-0.663)||(0.568-0.710)||(0.599- 0.753)||(0.6 36 -0.805) | |(0.664-0.8 45)
10-min 0.508 0.605 0.715 0.793 0.887 0.954 1.02 1.08 1.15 1.20
i (0.458-0.565)||(0.544~0.674)||(0.642-0.796)|(0.711-0.880)||(0.790-0.982) | (0.848-1.06} || (0.903-1.13) || (0.850-1.19) || (1.01-1.27) || (1.05-1.33)
15-mi 0.635 0.761 0.905 1.00 1.12 1.21 1.29 1.36 145 1.51
il (0.572-0.706)|(0.684-0.847)|| (0.813-1.01) || (0.899-1.11) || (1.00-1.25) || (1.07-1.34) |[ (1.14-1.43) || (1.20-1.51) || (1.27-1.60) || (1.31-1.67)
20-min 0.870 1.05 1.29 1.45 1.67 1.82 1.97 212 2.30 244
a (0.784~0.968)| (0.944-1.17) || (1.15-1.43) || (1.30-1.61) || (1.48-1.84) || (1.62-2.02) [ (1.75-2.18) || (1.87-2.35) || (2.02-2.55) || (2.13-2.71)
60-min 1.09 1.32 1.65 1.89 2.22 247 2.72 297 3.31 3.57
a (0.978-1.21) || (1.18-1.47) || (1.48-1.83) || (1.70-2.10) || (1.98-2.46) || (2.19-2.73) || (2.41-3.01) || (2.62-3.29) || (2.89-3.66) || (3.10-3.95)
2:h 1.27 1.54 1.96 2.28 2.75 3.13 3.54 3.97 4.59 5.10
Al (1:15-1.42) || (1.39-1.72) || (1.76-2.17) || (2.05-2.53) || (2.45-3.03) || (2.78-3.45) || (3.12-3.90) || (3.47-4.37) || (3.97-5.06) || (4.38-5.62)
3. 1.39 1.69 214 2.50 3.00 3.42 3.87 4.34 5.02 5.57
r | (1.25-1.55) (1.52-1.88) || (1.93-2.38) || (2.25-2.78) || (2.68-3.32) || (3.03-3.78) || (3.41-4.27) || (3.80-4.79) || (4.34-5.55) || (4.78-6.17)
h 1.7 2.07 2.61 3.07 3.73 4,29 4.90 5.57 6.56 7.39
6-hr (1.54-1.92) || (1.87-2.32) || (2.35-2.93) || (2.74-3.42) || (3.31-4.14) || (3.79-4.76) || (4.29-5.43) || (4.83-6.16) || (5.61-7.25) || (6.24-8.17)
12-h 2.08 2.51 3.18 3.76 4.63 5.39 6.24 7.18 8.61 9.85
1 (1.86-2.37) (2.24-2.86) || (2.83-3.62) || (3.33-4.26) || (4.07-5.23) || (4.70-6.07) || (5.38-7.01) || (6.13-8.05) || (7.22-9.64) || (8.15-11.0)
24-hr 2.39 2.89 3.70 4.40 5.49 6.45 7.53 8.76 10.6 123
(2.20-2.63) || (2.66-3.18) || (3.39-4.07) || (4.03-4.83) || (4.97-5.99) || (5.80-7.00) || (6.70-8.14) || (7.69-9.45) || (8.19-11.4) || (10.5-13.2)
2-da 2.77 3.35 4,29 5.09 6.28 7.32 8.48 9.77 1.7 134
Y || 2.56-3.06) (3.09-3.70) || (3.94-4.72) || (4.65-5.59) || (5.70-6.88) || (6.59-8.00) || (7.58-9.24) || (8.63-10.6) || (10.2-12.8) || (11.5-14.6)
3-da 2.95 3.56 4.54 5.38 6.65 1.75 8.98 10.3 124 14.2
Y || 2.72-3.24) (3.29-3.91) || (4.19-4.98) || (4.94-5.90) || (6.06-7.26) || (7.01-8.44) || (8.05-9.76) || (9.18-11.2) || (10.8-13.5) || (12.2-15.4)
3.12 3.77 4.80 5.68 7.02 8.18 9.47 10.9 13.1 15.0
4-day (2.89-3.41) || (3.49-4.12) || (4.44-5.25) || {5.23-6.21) || (6.41-7.64) || (7.42-8.89) || (8.52-10.3) || (9.73-11.9) || (11.5-14.2) || (13.0-16.3)
7-dar 3.66 4.40 5.55 6.53 7.99 9.27 10.7 12.2 146 16.6
Y || 3.40-3.98) (4.09-4.80) || (5.14-6.04) || (6.02-7.09) || (7.33-8.68) || (8.44-10.0) || (9.65-11.8) || (11.0-13.2) || (12.9-15.8) || (14.5-18.0)
10-da 4.20 5.04 6.28 7.31 8.82 10.1 115 13.0 15.2 17.0
Y || @.92-4.54) (4.71-5.46) || (5.85-6.78) || (6.80-7.89) || (8.15-9.50) || (9.28-10.9) || (10.5-12.3) || (11.7-13.9) || (13.5-16.3) || (15.0-18.3)
20-da 5.72 6.80 8.19 9.33 10.9 12.2 13.6 15.0 16.9 18.5
y (5.39-6.10) || (6.40-7.26) || (7.71-8.74) || (8.75-9.95) || (10.2-11.6) || (11.4-13.0) || (12.6-14.4) || (13.8-15.9) || (15.5-18.0) || (16.8-19.8)
30-da 7.07 8.36 9.91 112 129 143 15.7 17.2 19.2 208
y (6.69-7.51) || (7.90-8.87) || (9.36-10.5) || (10.5-11.8) || (12.1-13.7) || (13.4-15.2) || (14.7-16.7) || (16.0-18.3) || (17.7-20.4) || (19.0-22.2)
45-da 8.90 10.5 12.2 13.6 154 16.7 18.1 194 211 225
Y || (8.47-0.37) || (9.98-1 1.0) || (11.6-12.8) || (12.9-14.3) || (14.5-16.1) || (15.8-17.5) || (17.0-19.0) || (18.2-20.4) || (19.8-22.3) || (20.9-23.7)
60-dar 10.6 125 144 15.9 17.8 19.2 20.5 21.9 23.6 248
Y I (10.2-11.2) (11.9-13.1) || (13.7-15.1) || (15.1-16.6) || (16.9-18.6) || (18.2-20.1) || (19.4-21.6) || (20.6-23.0) || (22.2-24.8) || (23.3-26.1)
1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).

are PF

Numbaers in p hesi

at lower and upper bounds of the 90% conlidence interval. The probability that precip req
given duration and average recurrence inlarval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates al upper bounds are nol

frequel

({lora

checked against probable ) precipitation (PMP) estimates and may be higher than currently valid PMP values.
”F’lease refer to NOAA Allas 14 document for more information.

Back to Top

PF graphical

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?1at=40.0999&lon=-76.6967&data... 6/30/2011
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Small scale terrain

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?1at=40.0999&lon=-76.6967&data... 6/30/2011
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Large scale aerial

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=40,0999&lon=-76.6967&data... 6/30/2011
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US Department of Commerc:

National Oceanic and Atmospheric Administration
National Weather Service

Office of Hydrologic Devélopment

1325 East West Highway

Sliver Spring, MD 20910

Questions?: HDSC.Questions@noaa.gov

Disclaimer

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?at=40.0999&lon=-76.6967 &data... 6/30/2011
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Select Other Date . '

These data are preliminary and have not undergone final quality control by the National
Climatic Data Center (NCDC). Therefore, these data are subject to revision. Final and
certified climate data can be accessed at the NCDC - http:/www.ncde.noaa.goyv.

Climatological Report (Annual)

000
CXUS51 KCTP 021406
CLAMDT

CLIMATE REPORT

NATIONAL WEATHER SERVICE STATE COLLEGE PA
905 AM EST SUN JAN 2 2011

. ..THE HARRISBURG PA CLIMATE SUMMARY FOR THE YEAR OF 2010...

CLIMATE NORMAL PERIOD 1971 TO 2000
CLIMATE RECORD PERIOD 1888 TO 2011

WEATHER OBSERVED NORMAL  DEPART
VALUE DATE(S) VALUE FROM
NORMAL

................................................

TEMPERATURE (F)

RECORD

HIGH 107 07/03/1966

LOW -22 01/21/1994

2010...

HIGHEST 100 07/06

LOWEST 13 01/31
AVG. MAXIMUM 64.1 62.4 1.7
AVG. MINIMUM 46.1 44.1 2.0
MEAN 55.1 53.3 1.8
DAYS MAX >= 90 34 22.4 11.6
DAYS MAX <= 32 20 19.7 0.3
DAYS MIN <= 32 100 101.7 Sl
DAYS MIN <= 0 0 0.9 -0.9
PRECIPITATION (INCHES)

RECORD

MAXIMUM 59.27 1972

MINIMUM 25.52 1941

2010...

http://www.nws.noaa.gov/climate/getclimate.php?wfo=ctp 8/2/2011
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TOTALS 39.43 41.45 -2.02
DAILY AVG. 0.11 0.11 0.00
DAYS >= .01 100 119.2 -19.,2
DAYS >= .10 68 75.0 =70
DAYS >= .50 25 25.0 0.0
DAYS >= 1.00 9 9.8 -0.8
GREATEST
24 HR. TOTAL 3.42

SNOWFALL (INCHES)

RECORDS
TOTAL 81.3 1960
24 HR TOTAL 25.0 02/11-02/12/1983
2010...
TOTALS 44.0 36.9 7.1
LIQUID EQUIV 4.40 3.70 0.70
SINCE 7/1 0.8 B g -6.9
LIQUID 7/1 0.08
DAYS >= TRACE 33 18.4 14.6
DAYS >= 1.0 7 12.8 -5.8
GREATEST
SNOW DEPTH 22 02/11
24 HR TOTAL 12.3 02/10
DEGREE_DAYS
HEATING TOTAL 4894 5347 -453
SINCE 7/1 1951 1949 2
COOLING TOTAL 1421 962 459
SINCE 1/1 1421 955 466
FREEZE DATES
RECORD
EARLIEST 09/24/1963
LATEST 05/11/1966
2010...
EARLIEST 11/02
LATEST 03/26
WIND (MPH)
AVERAGE WIND SPEED 7.0
HIGHEST WIND SPEED/DIRECTION 41/270 DATE 04/16

HIGHEST GUST SPEED/DIRECTION 63/250 DATE 04/16

SKY COVER
POSSIBLE SUNSHINE (PERCENT) MM

http://www.nws.noaa.gov/climate/getclimate.php?wfo=ctp 8/2/2011
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NUMBER OF DAYS FAIR 88
NUMBER OF DAYS PC 139
NUMBER OF DAYS CLOUDY 120
AVERAGE RH (PERCENT) 64

WEATHER CONDITIONS. NUMBER OF DAYS WITH

THUNDERSTORM 30 MIXED PRECIP

HEAVY RATN 40 RAIN

LIGHT RAIN 118 FREEZING RAIN

LT FREEZING RAIN 2 HATIL

HEAVY SNOW 4 SNOwW

LIGHT SNOW 31 SLEET

FOG 152 FOG W/VIS <= 1/4 MILE
HAZE 135

- INDICATES NEGATIVE NUMBERS.

R INDICATES RECORD WAS SET OR TIED.
MM INDICATES DATA IS MISSING.

T INDICATES TRACE AMOUNT.

LA CORTE

http://www.nws.noaa.gov/climate/getclimate.php?wfo=ctp

MooV OO
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Material Input Properties

Name: Bedrock  Model: Saturated Only ~ K-Sat: 1e-010 ft/'sec  Volumetric Water Content: 0 ft*/f®  Mv: 0/psf K-Ralio:1  K-Direction: 0 °

Name: Native Soil Model: Saturated Only ~ K-Sat: 1e-008 ft/sec  Volumetric Waler Content: 0 fi%/ft* Mv: 0/psf K-Ratio:1  K-Direction: 0 °

Name: Clay Liner ~ Model: Saturated Only ~ K-Sat: 1e-009 f'sec ~ Volumetric Water Content: O fi/ft*  Mv: 0 /psf K-Ratio: 1 K-Direction: 0 °

Name: Ash Fill (Storage) ~ Model: Saturated Only ~ K-Sat: 1e-008 ftisec ~ Volumetric Water Content: 0 f*/ft*  Mv: 0 /psf K-Ratio: 1 K-Direction: 0 °

Name: Embankment Fill ~ Model: Saturated / Unsaturated ~ K-Function: Embankment Fill Unsat K Vol. WC. Function: Embankment Fill - Vol. WG  K-Ratio: 1 K-Direction: 0*

Transient Seepage

Brunner Island Ash Basin No. 6
Station 21+80 (Section 1-1)
Manchester Township, Pennsylvania



AS0 4D 130 1200 110 <100 B0 8D 70 00 50 40 30 20 10 0 10 20 30 40 S0 €0 70 BO 60 100 110 120 130 140 150
T | I | T T 1T T T 1 T 7 0 1 1

B 8 &

Elevation (ft)
g

e e e e ey e SR T AN,
60 40 130 -120 410 400 90 40 7D 60 S0 -0 0 20 0 -] 10 20 0 #a 0 &6 7o B0 S0 100 110 120 130 M0 150

Distance (ft)

Material Inpul Properties.

Name: Bedrock  Model: Saturated Only ~ K-Sal: 1e-010ftsec  Volumelrlc Water Content: 0 fi/*  Mv: 0 /psf K-Ratio: 1 K-Direction: 0"

Name: Native Soll  Model: Saturated Only ~ K-Sat: 1e-008 fusec  Volumetric Water Content: 0 fft*  Mv: O/psf K-Ratio: 1  K-Direction: 0 *

Name: Clay Liner  Model: Satursted Only  K-Sal: 1e-008 fsec  Volumetric Water Content: 0 fef*  Mv. 0/psf  K-Ratio: 1 K-Direction: 0*

Name: Ash Fill (Storage)  Model: Saturated Only  K-Sal: 1e-008 fsec  Volumetric Waler Content: 0 f'ft*  Mv: O /psf K-Ratio; 1 K-Direction: 0 *

Name: Embankment Fill  Model: Saturated / Unsaturated  K-Function: Embankment Flll Unsat K Vol. WC. Function: Embankment Fill - Vol WG K-Ratio: 1 K-Direction: 0.°

Transient Seepage (4)
Brunner |sland Ash Basin No. 6
Station 21+80 (Section 1-1)
Manchester Township, Pennsylvania
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Material Input Properlies )

Name: Bedrock  Mode!: Saturated Only  K-Sat: 1e-010 ftsec  Volumetric Water Content: 0 ft¥it®  Mw: 0 /psf K-Ratio:1  K-Direction: 0 *

Name: Nalive Soil  Model: Saturated Only  K-Sat: 1e-008 ft'sec  Volumetric Water Content: 0 i%/ft*  Mwv: 0/psf  K-Ralio:1  K-Direstion: 0 *

Name: Clay Liner  Model: Saturated Only ~ K-Sat: 1e-009 fsec  Volumetric Water Content: O fift*  Mv: O /psf  K-Ratio:1  K-Direction: 0 ®

Name: Ash Fill (Storage) ~ Model: Saturated Only  K-Sat: 1e-008 fi'sec  Volumetric Water Content: 0 iP®  Mv:0/psf  K-Ralio: 1 K-Direction: 0 *

Name: Embankment Fill  Model: Saturated / Unsaturated  K-Function: Embankmant Fill Unsat K Vol. WC. Function: Embankment Fill - Vol. WG K-Ralio: 1 K-Direction: 0 *

Transient Seepage (5)

Brunner Istand Ash Basin No. 6
Station 21+80 (Section 1-1)
Manchester Township, Pennsylvania
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Material Inpul Properties

Name: Bedrock  Model: Saturated Only  K-Sab: 1e-010 fsec  Volumetric Water Content: 0 f°A*  Mv: 0 /psf  K-Ralio: T K-Direction: 0°

Name: Nalive Soll  Model: Saturated Only  K-Sat: 1e-008 fusec  Volumetric Waler Content: O fiVfi*  Mv: 0 /psf  K-Ratio: 1 K-Direction: 0*

Name: Clay Liner  Model: Saluraled Only  K-Sal: 1e-009 fsec  Volumetric Water Content: 0 ft/ft®  Mv: 0/psf  K-Ratio: 1 K-Direction; 0 *

Name: Ash Fill (Storage)  Model: Saturated Only  K-Sal: 1e-008 ft/sec  Volumelric Water Conlent: 0 fi¥fft*  Mv: O/psf  K-Ralio:1  K-Direction: o0

Name: Embankment Fill  Model: Saturated / Unsaturated  K-Function: Embankment Fill Unsat K Vol. WC. Funclion: Embankment Fill - Vol. WG K-Ratio: 1 K-Direction: 0 *

Transient Seepage (5)
Brunner Island Ash Basin No. 6
Station 21+80 (Section 1-1)
Manchester Township, Pennsylvania
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Material Input Properties

Name: Bedrock  Model: Salurated Only  K-Sal: 1e-010 ftfsec  Volumetric Water Content: 0 i/ Mv: 0 /psf  K-Ratio: 1 K-Direction: 0*

Name: Native Soil Model: Salurated Only  K-Sal: 1e-008 ft'sec  Volumelric Water Content: 0 RYf®  Mwv: O/psf  K-Ratio:1  K-Direction: 0 *

Name: Clay Liner  Mode!: Saturated Only ~ K-Sal: 1e-008 fi'sec  Volumetric Water Content: 0 ff*  Mwv; 0/psf  K-Ratio:1  K-Direction: 0 *

Name: Ash Fill (Storage)  Mode!: Saturated Only  K-Sat: 1e-008 ftlsec  Volumelric Water Contenl: 0 fift*  My: 0 /psf  K-Ratio: 1 K-Direction: 0 *

Name: Embankment Fill  Mode!: Saturated / Unsaturated  K-Function: Embankment Fill Unsat K Vol. WC. Function: Embankment Fill - Vol. WG K-Ralio: 1 K-Direction: 0 *

Transient Seepage (5)

Brunner Island Ash Basin No, 6
Station 21+80 (Section 1-1}
Manchester Township, Pennsylvania
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Material Input Properties

Name: Bedrock  Model: Saturated Only  K-Sat: 1e-010 lt'sec  Volumetric Water Contenl: 0 i Mv: 0Jjpsf  K-Ratio: 1 K-Direction: 0 *

Name: Native Sail Model: Saturated Oy K-Sat: 1e-00B f'sec  Volumetric Water Content: O %/f*  Mv: 0/psf  K-Ratio:1  K-Direction: 0 *

Name: Clay Liner  Model: Saturaled Only  K-Sat: 1e-009 ft'sec  Volumetric Water Content: O fi%f*  Mw: O/psf  K-Ratio:1  K-Direclion: 0°

Name: Ash Fill (Slorage)  Model: Saturated Only  K-Sat: 1e-008 fiisec  Volumetric Water Content: O fE/f*  Mv. 0 /psf K-Ratio: 1 K-Direction: 0°

Name: Embankment Fill  Model: Saturated f Unsaturated  K-Function: Embankment Fill Unsat K Vol. WC. Function: Embankment Fill - Vol. WC  K-Ratio: 1 K-Direction: 0*

Transient Seepage (4)

Brunner Island Ash Basin No.6
Station 21+80 {Section 1-1)
Manchesier Township, Pennsylvania
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Material Input Properties

Name: Bedrock  Model: Salurated Only  K-Sat: 1e-010 fusec  Volumelric Water Content: 0 1> Mv: 0 /psf K-Ralio: 1 K-Direction: 0 *

Name: Nalive Soil Maodel: Saturated Only K-Salr1_a-ﬂl)8ﬂ!sec Volumetric Water Content: 0 i Mv: O/psf K-Ratio: 1 K-Direction: 0 *

Name: Clay Liner  Model: Salurated Only  K-Sat: 1e-009 f'sec  Volumatric Water Content: 0 ftf*  Mv: 0 /psf  K-Ratio: 1 K-Direction: 0 *

Name: Ash Fill (Storage)  Model: Saluraled Only  K-Sal: 1e-008 fifsec  Volumetric Water Content: 0 fit*  Mv: 0/psf  K-Ralio: 1 K-Direction: 0 *

Name; Embankment Fill  Model: Saturated / Unsaturated  K-Funation: Embankment Fill Unsat K Veol. WC. Function: Embankment Fill - Vol. WG K-Ralio: 1 K-Direction; 0 *

Transienl Seepage (5)

Brunner Island Ash Basin No. 6
Station 21+80 (Section 1-1)
Manchester Township, Pennsylvaria
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Material Input Properties

Name: Bedrock  Model: Saturated Only  K-Sat: 1e-010 fi'sec  Volumetric Water Content: 0 f*fit*  Mv: 0/psf  K-Ratio; 1 K-Direction: 0

Name: Native Soll Model: Saturated Only  K-Sal: 1e-008 flsec  Volumetric Water Content: 0 M Mv: 0/psf K-Ratio:1  K-Direction:0*

Name: Clay Liner  Model: Saturated Only  K-Sat: 1e-009 fsec  Volumetric Water Content: O ft¥fi>  Mv: 0 /psf  K-Ratio: 1 K-Direction: 0

Name: Ash Fill {Storage)  Model: Saturated Only  K-Sat: 1e-008 fsec  Volumelric Water Content: 0 fi*°  Mv: 0/psf K-Ratio: 1 K-Direction: 0*

Name: Embankment Fill  Model: Saturated / Unsaturated  K-Function: Embankment Fill Unsat K Vol, WC. Function; Embankment Fill - Vol. W€ K-Ratio: 1 K-Direction: 0*

Translenl Seepage (5)

Brunner Island Ash Basin No. 6
Station 21+80 (Section 1-1)
Manchester Township, Pennsylvania
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Material Input Properties

Name: Bedrock  Model: Sslurated Only  K-Sat: 1e-010 flsec  Violumelric Water Content: 0 f'i*  Mv: O /psf  K-Ratio: 1 K-Direction; 0 *

Name: Native Soll Model: Salurated Only  K-Sat: 1e-008 fi'sec  Volumelric Waler Contenl: 0 A%f®  Mv: 0/psf K-Ratio: 1 K-Direction: 0*

Name: Clay Liner  Model: Saturated Oply ~ K-Sat: 1e-009 ft'sec  Volumelric Water Content: 0 R%f1*  Mv: 0/psf K-Ratio:1  K-Direction: 0*

Name: Ash Fill (Storage)  Model: Saturated Only  K-Sat: 1e-008 ftfsec  Valumetric Water Content: 0 fP/i*  Mv:0/psf K-Ratio: 1 K-Direction: 0

Name: Embankment Fill  Model: Saturated / Unsaturated  K-Function: Embankment Fill Unsal K Vol. WC. Function: Embankment Fill - Vol. WC  K-Ralio: 1 K-Direction: 0 *

Transien! Seepage (5)

Brunner Island Ash Basin No. 6
Slation 21+80 (Section 1-1)
Manchester Township, Pennsylvania
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Slope Stability (6)
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US EPA ARCHIVE DOCUMENT

September 7, 2012 390/181182

Mr. Benjamin Wilburn, E.I.T.
Support Engineer

Generation Technical Services
PPL Generation, LLC

Two North Ninth Street (GENPL6)
Allentown, PA 18101-1179

Subject: Spillway Design Flood Analysis
Brunner Island Ash Basin No. 6

Dear Mr. Wilburn:

This letter report presents the findings of the Spillway Design Flood Analysis of Brunner Island
Ash Basin No. 6.

1.0 Executive Summary

PPL is in the process of decommissioning Ash Basin No. 6 at their Brunner Island Steam
Electric Station. The United States Environmental Protection Agency (USEPA) is currently
evaluating Ash Basin No. 6, and has requested that PPL provide detailed hydrologic and
hydraulic analyses to verify that the ash basin can safely pass the Spillway Design Flood
(SDF). The Pennsylvania Department of Environmental Protection (PADEP) has classified the
ash basin as B-3, corresponding to a medium-sized, significant-hazard-potential dam. The SDF
for a Class B-3 dam is ' of the Probable Maximum Flood (PMF).

The ash basin consists of a main basin with a polishing pond on the southern end. The ash
basin has a total area of 76.4 acres and is surrounded by a perimeter dike with a nominal crest
elevation of 290 feet. The northern end of the main basin has been filled with ash to near the
crest of the dike, and has a surface area of 55.3 acres. The area of the open pool at the southern
end of the main basin is 12.3 acres, which is controlled by a stoplog weir in the outlet structure.
The top-of-stoplog elevation is 285.75 feet, providing a normal water surface elevation of
approximately 286.0 feet and a normal freeboard of 4.0 feet. The main basin is separated from
the polishing pond by an intermediate dike, with the main basin outlet structure connecting the
two basins with a 48-inch-diameter buried pipe. The polishing pond is used for final treatment
of the ash basin water before it is discharged to the Susquehanna River. The polishing pond is
controlled by twin baffled morning glory outlet structures, with top-of-weir elevations of 268.0
feet, which both discharge into a single 48-inch-diameter pipe to the river. The water elevation
in the polishing pond is normally maintained at slightly above elevation 268.0 feet.

The ash basin is somewhat unique from a hydrological perspective, in that the ash basin is
elevated with respect to the surrounding ground and is totally self contained, with no tributary

HDR Engineering, Inc. 970 Baxter Boulevard Phone: (207) 775-4495
Suite 301 Fax: (207) 775-1031
Portland, ME 04103-5346 www.hdrinc.com
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inflow from outside of the basin. Flow out of the basin could occur for portions of the filled
section of the basin, although this study conservatively assumed that all rainfall is routed
through the basin. A rainfall/storage/discharge model has been created to model the hydrologic
response of the ash basin to a storm corresponding to the /2 PMF, per PADEP regulations. The
Probable Maximum Precipitation (PMP) has been taken from the previous analysis of a nearby
ash basin, Holtwood Ash Basin No. 2, which is comparable in size and is located about 25
miles away. The full 24-hour PMP, with a precipitation value of 37 inches, was utilized in the
hydraulic model, resulting in a peak PMP total inflow volume of 217.9 acre-feet to the main
basin. A precipitation value of 19.22 inches was then solved iteratively to estimate the 2 PMF.
Due to the small size of the basin and limited infiltration, the precipitation of 19.22 inches that
results in the %2 PMF is very close to the /2 PMP value of 18.5 inches.

The discharge from the polishing pond will be affected by backwater effects of the
Susquehanna River. Because the size and hydrologic timing of the drainage areas for the ash
basin and the Susquehanna River differ greatly, a 100-year flood was assumed to be occurring
concurrently on the Susquehanna River, which results in a peak stage of 278.2 feet adjacent to
the ash basin.

The peak stage within the main basin resulting from the 2 PMF was determined to be elevation
288.42 feet, occurring 4.83 hours into the storm. A wave run-up of 0.98 feet for flood
conditions and 1.46 feet for normal conditions was estimated, assuming a 62 mile-per-hour,
one-minute duration wind speed in accordance with Bureau of Reclamation recommendations.
This results in a net freeboard of between 0.6 feet and 0.12 feet during the 2 PMF, which is
considered acceptable.

2.0 Project Description and History

Ash Basin No. 6 is located between Black Gut Creek and the Susquehanna River at the
southern end of Brunner Island in East Manchester Township, York County. The island is
located along the western shore of the river and can be located on the York Haven USGS
7.5 Minute Quadrangle Map at 40°04'59"N, 76°40'58"W. An aerial view and drawings of Ash
Basin No. 6 are provided in Appendix A.

The ash basin consists of a main basin with a polishing pond on the southern end. The ash
basin has a total area of 76.4 acres and is surrounded by a perimeter dike with a nominal crest
elevation of 290 feet. The northern end of the main basin has been filled with ash to near the
crest of the dike, and has a surface area of 55.3 acres. The area of the open pool at the southern
end of the main basin is 12.3 acres, which is controlled by a stoplog weir in the outlet structure.
The top-of-stoplog elevation is 285.75 feet, providing a normal water surface elevation of
approximately 286.0 feet and a normal freeboard of 4.0 feet. The main basin is separated from
the polishing pond by an intermediate dike, with the main basin outlet structure connecting the
two basins with a 48-inch-diameter buried pipe. The polishing pond is used for final treatment
of the ash basin water before it is discharged to the Susquehanna River. The polishing pond
has an area of 2.7 acres and is controlled by twin baffled morning glory outlet structures, with

HDR Engineering, Inc.
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top-of-weir elevations of 268.0 feet, which both discharge into a single 48-inch-diameter pipe
to the river. The water elevation in the polishing pond is normally maintained at slightly above
elevation 268.0 feet.

The perimeter dike is constructed with random earth fill and includes a 10-foot-thick clay liner
covering the upstream slope from bedrock to elevation 287.5 feet. The crest of the perimeter
dike is nominally at elevation 290 feet, and the maximum height of the dike is about 30 feet.
Overall, the perimeter dike is about 8,300 feet long.

The polishing pond outlet structure consists of two, 60-inch-diameter, reinforced concrete riser
pipes with a top-of-weir elevation of 268.0 feet, draining into a single, 48-inch-diameter,
reinforced concrete discharge pipe that discharges into the Susquehanna River. A flap gate is
provided at the river end of the discharge pipe to prevent river water from entering the ash
basin during high tailwater conditions. The riser pipes were previously equipped with
upstream emergency flap gates as an additional means to stop discharge to the river; however,
the gates were determined to be vulnerable to unintended closure and are now welded in the
open position providing approximately half the open area of the 60-inch-diameter riser.

The PADEP has regulatory jurisdiction for the project and has classified the ash basin as B-3,
corresponding to a medium-sized, significant-hazard-potential dam. The SDF for a Class B-3
dam is %2 of the PMF. The USEPA has recently become involved with the assessment of ash
basins and is currently evaluating Ash Basin No. 6. In their email dated August 30, 2012, the
USEPA stated that PPL did not yet provide them with detailed hydrologic and hydraulic
analyses necessary to verify that the ash basin can safely pass the SDF, and they presented
suggestions regarding how these analyses should be conducted. PPL is currently in the process
of decommissioning Ash Basin No. 6, but must comply with applicable regulations prior to and
following closure.

3.0 Hydrologic and Hydraulic Analyses
The hydrologic and hydraulic analyses consisted of the following steps:

e Development of the PMP and determination of the PMF inflows;

e Scaling the precipitation to result in an inflow of /2 PMF flows for the SDF;

e Routing of the SDF through the filled part of the basin and into the open basin;

e Discharge of flow from the main basin to the polishing pond;

e Routing of the tributary inflow to the polishing pond and the inflow from the main
basin; and

e Discharge from the polishing pond into the Susquehanna River.

HDR Engineering, Inc.
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Hydrologic Model

The hydrologic model, HydroCAD v9.0 (model), was selected for use due to the small size of
the study basin and the programs’ ability to model complex outlet controls. HydroCAD
combines portions of the NRCS computer programs TR-20, TR-55, and SBUH, in addition to
built-in hydraulics, graphics, database references, and on-screen routing diagrams. The
program models the precipitation, runoff, and routing of flows through the drainage, as well as
the outlet hydraulics of the structures.

Development of the Spillway Design Flood

PADEP calls for the SDF to be 2 of the PMF. USEPA requested development of the PMP
using National Weather Surface (NWS) Hydrometeorological Records HMR 51 and 52. PPL
recently completed a hydrologic and hydraulic analysis at another ash basin, Holtwood Ash
Basin No. 2, which included development of the PMP. Holtwood Ash Basin No. 2 is nearby,
located 25 miles to the south along the Susquehanna River, has a similar drainage area
(120 acres at Holtwood, versus 76.4 acres at Brunner Island), and is located at the same relative
elevation, (592 feet at Holtwood versus 290 feet at Brunner Island). Given the similar
elevations and locations within the Susquehanna Valley for the Holtwood and Brunner site, the
full PMP from the Holtwood study of 37 inches of precipitation over 24 hours was assumed for
the Brunner Island site.

The Holtwood PMP rainfall distribution was entered into HydroCAD and executed to estimate
the full PMF volume into the main basin for Brunner Island. The peak rainfall was then solved
by an iterative process to determine the precipitation required to result in one half the PMF
inflow volume. This was determined to be 19.22 inches of precipitation over 24 hours, using
the same unit temporal distribution as the Holtwood PMP. Therefore, 51.9 percent of the PMP
was found to produce a 2 PMF and was used for the SDF.

Routing of the SDF

HDR used HydroCAD to model the hydrologic response of the basin to the SDF. The
HydroCAD model is capable of simulating the rainfall, runoff, and routing, and provides a
detailed simulation of the outlet hydraulics for the complicated arrangement of stoplog weirs,
vertical inlets, and piping. The HydroCAD method uses NRCS curve number and time-of-
concentration techniques with reach routing to calculate discharge hydrographs. The model
uses the dynamic Muskingum-Cunge routing for reach routing, as apposed to the Modified Puls
method as suggested by the USEPA. Considering the very short routing reaches and the
compact basin under study, the differences in routing are inconsequential.

Infiltration was assumed in the above-water part of the basin, utilizing Curve Numbers of 80
and 88, corresponding to a moderately impermeable soil cover, per TR-55 methodology. Of
the 128.9 acre-feet of precipitation that falls during the modeled storm, the total infiltration into
the above-water part of the basin was 7.7 acre-feet, or an average of 1.2 inches of rainfall over

HDR Engineering, Inc.
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the 76.4 acres of the basin. PPL maintains several piezometers within the above-water part of
the basin. The depth to the ground water table and the anticipated void space provide adequate
subsurface storage capacity so that the limited infiltration assumed can be accommodated
without saturation.

Discharge from the Main Basin, Polishing Pond, and Into the Susquehanna River

The discharge structure from the main basin consists of a stoplog-controlled concrete vault that
discharges through a 48-inch-diameter reinforced concrete pipe (RCP) into the polishing pond.
The primary control during normal operating conditions is stoplogs which extend from the
outlet invert to elevation 285.75 feet, and all flow must overflow the stoplogs. Secondary
means of conduit closure are available, including a skimmer gate section which could form an
emergency stoplog slot as well as a gate, located immediately upstream of the pipe inlet. These
secondary means of closure were assumed to be open and were assumed to have negligible
headloss. The structure geometry was taken from construction drawings for the outlet provided
by PPL. A Manning’s n value of 0.015 was assumed, corresponding to concrete pipe formed
with rough forms. HydroCAD was used to solve the discharge dynamically for the inflow and
outflow hydrographs, accounting for the effects of varying water levels in the main basin,
polishing pond, and the Susquehanna River. The current top-of-stoplog elevation of 285.75
feet was provided by PPL, and the starting reservoir elevation of 286.0 was based on
observations made by HDR during a site visit in June 2012. Discharge was controlled by the
stoplogs for the range of main basin and polishing pond elevations encountered in this study;
the 48-inch-diameter RCP downstream piping did not limit discharge.

The polishing pond outlet structure consists of two vertical 60-inch-diameter risers that merge
with one 48-inch-diameter discharge pipe that passes through the perimeter dike, enters and
exits an emergency closure structure, and discharges to the river where a heavy flap valve
serves as a back-flow preventer. The top-of-weir elevation is 268.0 feet, controlling the
polishing pond elevations. The polishing pond outlet currently has several flow obstructions,
including a skimmer weir, a grating deck, emergency flap gates atop the control structures, and
the downstream flap valve. Precisely modeling these obstructions would be cumbersome due
to the non-standard shapes and complex head losses; therefore, a conservative estimate of
available capacity was made. The main inlet control for the vertical risers is the emergency
flap gates, which cover the opening of the risers with a hinge running along the centerline of
the opening, resulting in half the area of the 60-inch-diameter when fully open. The flap gates
have been welded in the fully open position, providing a “half moon” shaped opening of
approximately 9.8 square feet. A conservative estimate of unrestricted 30-inch-diameter
opening risers, or 4.9 square feet, was modeled to account for the multiple restrictions. A
Manning’s n value of 0.015 was assumed for the 48-inch-diameter outlet pipe, corresponding
to concrete pipe formed with rough forms.

Because the size and hydrologic timing of flows from the drainage areas for the ash basin and
the Susquehanna River basin differ greatly, a 100-year flood was assumed to be occurring

concurrently on the Susquehanna River with the /2 PMF of the ash basin, resulting in a peak

HDR Engineering, Inc.
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river stage of 278.2 feet at the outlet from the polishing pond. This elevation was taken from
the Slope Stability Assessment Report by HDR, dated December, 2009. The Susquehanna
River flows react relatively slowly to basin precipitation compared to the ash basin, and the
river flood level was assumed constant at the 100-year flood level for the duration of the ash
basin flood assessment.

Analysis Results
TABLE 1

SPILLWAY DESIGN FLOOD ANALYSIS SUMMARY -
STARTING ELEVATION 286.0 FEET

Main Basin
Peak Stage, feet 288.4
Peak Discharge, cfs 112.9
Time to Peak Stage, hours 4.8

Time to Peak Discharge, hours | 4.9
Polishing Pond

Peak Stage, feet 285.6
Peak Discharge, cfs 101
Time to Peak, hours 6.8

The peak stage within the main basin resulting from the 2 PMF was determined to be elevation
288.4 feet, occurring 4.8 hours into the storm. A wave run-up of 1.0 feet for flood conditions
and 1.5 feet for normal conditions was estimated, assuming a 62-mile-per-hour, one-minute-
duration wind speed in accordance with Bureau of Reclamation recommendations. This results
in a net freeboard of between 0.1 feet and 0.6 feet during the 2 PMF, which is considered
acceptable. The HydroCAD analysis report and wave run up calculation are provided in
Appendix B.

4.0 Conclusions and Recommendations

The SDF can safely be passed if the starting main basin pool elevation is at or below
286.00 feet. The following recommendations should be considered.

1. Verify the nominal top-of-dike elevation of 290.0 feet assumed in the analysis.

2. Control vegetation along the interior of the main basin and polishing pond to minimize
the potential for trash build up.

3. Staff the site during extreme floods so that discharge structure performance can be
monitored and appropriate actions can be taken, if necessary.

HDR Engineering, Inc.
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4. Remove or modify flow restrictions from the polishing pond outlet structure, including
the flap valves and grating. Specific recommendations can be made after further
analyses.

5. Verify that field conditions are consistent with the assumptions of minimal headloss in
the discharge pipelines, control structures, and regulating or control valves and gates.
Perform additional analyses or modify the structures if necessary.

6. Take appropriate measures to restore the reservoir to normal levels after floods to
reduce the potential adverse effects of back-to-back storms.

7. Account for spillway discharge requirements in long-term closure plans, including the
need to prevent or safely pass trash and vegetation, and assess long-term maintenance
requirements.

HDR appreciates the opportunity to perform this work for PPL. If you have any questions or
comments, please contact us.

Sincerely,
HDR ENGINEERING, INC.

U A

CZ St - /

Christopher R. MacDonald, P.E.
Civil Engineer

(T

Adam N. Jones, P.E.
Senior Engineer
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Appendix A: Reference Photos and Drawings
Appendix B: HydroCad Analysis Report

HDR Engineering, Inc.
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HYDROCAD ANALYSIS REPORT & WAVE RUN UP CALCULATION
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Area Listing (all nodes)

Area CN Description
(acres) (subcatchment-numbers)
12.315 80 Active Area (1S)
49.524 88 Non Active Area (1S, 2S, 3S, 4S)
14.601 98 Open Water (3S, 4S)
76.440 TOTAL AREA
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Brunner Island Half PMP
Prepared by HDR Portland Maine
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HydroCAD® 9.00 s/n 00782 © 2009 HydroCAD Software Solutions LLC Page 3
Pipe Listing (all nodes)
Line# Node In-Invert Out-Invert Length Slope n Diam/Width Height
Number (feet) (feet) (feet) (ft/ft) (inches) (inches)
1 2R 271.00 270.75 122.0 0.0020 0.015 48.0 0.0
2 3R 253.00 252.00 205.0 0.0049 0.015 48.0 0.0
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Brunner Island Half PMP Holtwood PMP Half PMF Rainfall=19.22"
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Time span=0.00-36.00 hrs, dt=0.01 hrs, 3601 points x 2
Runoff by SCS TR-20 method, UH=SCS
Reach routing by Dyn-Muskingum-Cunge method - Pond routing by Dyn-Stor-Ind method

Subcatchment 1S: Ash Pile West Runoff Area=40.920 ac 0.00% Impervious Runoff Depth=17.40"
Flow Length=2,566" Tc=17.5 min CN=86 Runoff=265.22 cfs 59.319 af

Subcatchment 2S: Ash Pile East Runoff Area=15.550 ac  0.00% Impervious Runoff Depth=17.68"
Flow Length=1,887" Tc=15.6 min CN=88 Runoff=108.16 cfs 22.904 af

Subcatchment 3S: Open Pool Area Runoff Area=17.260 ac  73.64% Impervious Runoff Depth=18.60"
Flow Length=1,262" Slope=0.0167 '/ Tc=8.3 min CN=95 Runoff=150.80 cfs 26.757 af

Subcatchment 4S: Polishing Pond Area  Runoff Area=2.710 ac  69.78% Impervious Runoff Depth=18.60"
Flow Length=401" Tc=2.6 min CN=95 Runoff=25.32 cfs 4.201 af

Reach 1R: Channel Avg. Depth=2.17" Max Vel=6.30 fps Inflow=372.24 cfs 82.223 af
n=0.025 L=313.0'" S=0.0010'/" Capacity=675.96 cfs Outflow=371.66 cfs 82.223 af

Pond 1P: Main Basin Peak Elev=288.42' Storage=178.535 af Inflow=491.93 cfs 108.980 af
Primary=112.92 cfs 109.854 af Secondary=0.00 cfs 0.000 af Outflow=112.92 cfs 109.854 af

Pond 2P: Polishing Pond Peak Elev=285.58' Storage=1,053,313 cf Inflow=117.10 cfs 114.055 af
Primary=100.96 cfs 105.608 af Secondary=0.00 cfs 0.000 af Outflow=100.96 cfs 105.582 af

Pond 2R: Outlet Pipe Peak Elev=288.63" Inflow=112.92 cfs 109.854 af
48.0" Round Culvert n=0.015 L=122.0' S=0.0020 /' Outflow=112.92 cfs 109.854 af

Pond 3R: Outlet Pipe Peak Elev=281.06" Inflow=100.96 cfs 105.608 af
48.0" Round Culvert n=0.015 L=205.0' S=0.0049 '/ Outflow=100.96 cfs 105.608 af

Link RIVER: River Inflow=100.96 cfs 105.608 af
Primary=100.96 cfs 105.608 af

Total Runoff Area = 76.440 ac Runoff Volume = 113.181 af Average Runoff Depth = 17.77"
80.90% Pervious = 61.839 ac  19.10% Impervious = 14.601 ac
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Hydrograph for Subcatchment 1S: Ash Pile West

Time Precip. Excess Runoff Time Precip. Excess Runoff
(hours) (inches) (inches) (cfs) (hours) (inches) (inches) (cfs)
0.00 0.00 0.00 0.00 26.00 19.22 17.40 0.00
0.50 257 1.30 82.13 2650 19.22 17.40 0.00
1.00 5.29 3.74 204.32 27.00 19.22 17.40 0.00
1.50 6.32 4.71 83.00 2750 19.22 17.40 0.00
2.00 7.20 5.56 69.87 28.00 19.22 17.40 0.00
2.50 8.12 6.45 73.45 2850 19.22 17.40 0.00
3.00 9.11 7.41 79.40 29.00 19.22 17.40 0.00
3.50 9.97 8.26 70.09 2950 19.22 17.40 0.00
400 10.75 9.02 62.79 30.00 19.22 17.40 0.00
450 11.51 9.77 62.01 30.50 19.22 17.40 0.00
500 1228 10.52 62.23 31.00 19.22 17.40 0.00
._ 550 13.02 11.25 61.23 3150 19.22 17.40 0.00
6.00 1355 11.77 43.03 32.00 19.22 17.40 0.00
z 6.50 13.98 12.20 36.66 3250 19.22 17.40 0.00
7.00 1420 1242 17.58 33.00 19.22 17.40 0.00
u.| 750 1439 12.60 15.11 3350 19.22 17.40 0.00
8.00 1457 12.78 15.15 34.00 19.22 17.40 0.00
E 850 14.76 12.97 15.41 3450 19.22 17.40 0.00
9.00 1495 13.16 15.21 35.00 19.22 17.40 0.00
: 950 1513 13.34 15.39 3550 19.22  17.40 0.00
10.00 15.32 13.52 15.09 36.00 19.22 17.40 0.00
(@) 1050 1550 13.71 15.23
11.00 15.69 13.90 15.35
o' 11.50 15.88 14.08 15.29
12.00 16.07 14.27 15.34
a 1250 16.22  14.42 12.93
13.00 16.35 14.55 10.71
I.I.I 13.50 16.48 14.68 10.66
14.00 16.61  14.81 10.66
> 1450 16.74 14.94 10.66
15.00 16.87 15.07 10.67
| 1550 17.01 1520 10.67
: 16.00 17.14 15.33 10.67
16.50 17.27 15.45 10.67
u 17.00 17.40 15.58 10.67
1750 1753  15.71 10.66
ﬁ 18.00 17.66 15.84 10.67
1850 17.79 15.97 10.67
q 19.00 1792 16.10 10.68
19.50 18.05 16.23 10.68
¢ 20.00 18.18 16.36 10.68
2050 18.31  16.49 10.67
n_ 21.00 18.44 16.62 10.67
2150 1857 16.75 10.68
Ll 2200 1870 16.88 10.68
2250 18.83  17.01 10.69
m 23.00 1896 17.14 10.69
2350 19.09 17.27 10.68
:. 24.00 19.22 17.40 10.68
2450 19.22 17.40 0.64
25.00 19.22 17.40 0.00
2550 19.22 17.40 0.00
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Hydrograph for Subcatchment 2S: Ash Pile East

Time Precip. Excess Runoff Time Precip. Excess Runoff
(hours) (inches) (inches) (cfs) (hours) (inches) (inches) (cfs)
0.00 0.00 0.00 0.00 26.00 19.22 17.68 0.00
0.50 257 1.44 44.01 26.50 19.22 17.68 0.00
1.00 5.29 3.95 75.04 27.00 19.22 17.68 0.00
1.50 6.32 4.93 31.57 2750 19.22 17.68 0.00
2.00 7.20 5.79 26.37 28.00 19.22 17.68 0.00
2.50 8.12 6.69 28.52 2850 19.22 17.68 0.00
3.00 9.11 7.65 30.43 29.00 19.22 17.68 0.00
3.50 9.97 8.51 26.52 2950 19.22 17.68 0.00
400 10.75 9.27 23.90 30.00 19.22 17.68 0.00
450 1151  10.03 23.68 30.50 19.22 17.68 0.00
500 1228 10.78 23.74 31.00 19.22 17.68 0.00
|_ 550 13.02  11.51 23.21 31.50 19.22 17.68 0.00
6.00 1355 12.04 16.05 32.00 19.22 17.68 0.00
z 6.50 13.98 12.47 13.74 3250 19.22 17.68 0.00
7.00 1420 12.69 6.43 33.00 19.22 17.68 0.00
u.| 750 1439 12.87 5.75 33.50 19.22 17.68 0.00
8.00 1457 13.05 5.78 34.00 19.22 17.68 0.00
E 850 14.76 13.24 5.87 3450 19.22 17.68 0.00
9.00 1495 13.43 5.80 35.00 19.22 17.68 0.00
:. 950 1513  13.61 5.86 35,50 19.22 17.68 0.00
10.00 15.32  13.80 5.75 36.00 19.22 17.68 0.00
(@) 1050 1550 13.98 5.81
11.00 15.69 14.17 5.85
o 1150 15.88 14.35 5.83
12.00 16.07 14.54 5.83
a 1250 16.22  14.69 4.83
13.00 16.35 14.82 4.07
u.l 13.50 16.48 14.95 4.06
14.00 16.61 15.08 4.06
> 1450 16.74  15.21 4.06
15.00 16.87 15.34 4.06
| 1550 17.01  15.47 4.06
: 16.00 17.14 15.60 4.06
16.50 17.27 15.73 4.06
u 17.00 17.40 15.86 4.07
1750 1753 15.99 4.06
ﬂ 18.00 17.66 16.12 4.06
1850 17.79 16.25 4.07
q 19.00 1792 16.38 4.06
19.50 18.05 16.51 4.07
¢ 20.00 18.18 16.64 4.06
20.50 18.31 16.77 4.07
n_ 21.00 18.44 16.90 4.07
2150 1857 17.03 4.07
Ll 2200 1870 17.16 4.07
2250 18.83 17.29 4.06
m 23.00 1896 17.42 4.07
2350 19.09 17.55 4.07
:. 24.00 19.22 17.68 4.07
2450 19.22 17.68 0.14
25.00 19.22 17.68 0.00
25,50 19.22 17.68 0.00
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Summary for Subcatchment 3S: Open Pool Area

Runoff = 150.80cfs @ 0.62 hrs, Volume= 26.757 af, Depth=18.60"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Holtwood PMP Half PMF Rainfall=19.22"

Area (ac) CN Description

* 12.710 98 Open Water
* 4.550 88 Non Active Area

17.260 95 Weighted Average

4.550 26.36% Pervious Area
12.710 73.64% Impervious Area
Tc Length  Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
2.5 50 0.0167 0.33 Sheet Flow, Sheet Flow
Fallow n=0.050 P2=3.20"
5.1 394 0.0167 1.29 Shallow Concentrated Flow, Shallow Flow
Nearly Bare & Untilled Kv= 10.0 fps
0.7 818 20.46 Lake or Reservoir, Through Pond

Mean Depth= 13.00'

8.3 1,262 Total

Subcatchment 3S: Open Pool Area

Hydrograph
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wld  Rainfall=19.22"
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12z  Runoff Volume=26.757 af
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Hydrograph for Subcatchment 3S: Open Pool Area

Time Precip. Excess Runoff Time Precip. Excess Runoff
(hours) (inches) (inches) (cfs) (hours) (inches) (inches) (cfs)
0.00 0.00 0.00 0.00 26.00 19.22 18.60 0.00
0.50 257 2.03 121.52 2650 19.22 18.60 0.00
1.00 5.29 4.71 59.00 27.00 19.22 18.60 0.00
1.50 6.32 5.73 36.20 2750 19.22 18.60 0.00
2.00 7.20 6.60 27.86 28.00 19.22 18.60 0.00
2.50 8.12 7.52 34.01 2850 19.22 18.60 0.00
3.00 9.11 8.50 34.09 29.00 19.22 18.60 0.00
3.50 9.97 9.37 28.72 2950 19.22 18.60 0.00
400 1075 10.14 26.47 30.00 19.22 18.60 0.00
450 1151  10.91 26.58 3050 19.22 18.60 0.00
500 1228 11.67 26.59 31.00 19.22 18.60 0.00
._ 550 13.02  12.41 24.71 31.50 19.22 18.60 0.00
6.00 1355 12.94 17.05 32.00 19.22 18.60 0.00
z 6.50 13.98 13.37 13.69 3250 19.22 18.60 0.00
700 1420 1359 6.57 33.00 19.22 18.60 0.00
u.| 750 1439 13.77 6.42 33.50 19.22 18.60 0.00
8.00 1457 13.96 6.49 34.00 19.22 18.60 0.00
E 850 1476 1415 6.52 3450 19.22  18.60 0.00
9.00 1495 14.33 6.51 35.00 19.22 18.60 0.00
: 950 1513 14.52 6.50 3550 19.22  18.60 0.00
10.00 1532 14.70 6.42 36.00 19.22 18.60 0.00
(@) 1050 1550 14.89 6.53
11.00 1569 15.08 6.49
O' 1150 15.88 15.27 6.55
12.00 16.07 15.45 6.47
a 1250 1622  15.61 4.96
13.00 16.35 15.74 453
L 1350 16.48 15.87 4.53
14.00 16.61  16.00 4.53
> 1450 16.74 16.13 4.53
15.00 16.87 16.26 4.53
| 1550 17.01  16.39 4.53
: 16.00 17.14 16.52 453
16.50 17.27 16.65 4.53
u 17.00 17.40 16.78 4.53
1750 1753  16.91 4.53
u 18.00 17.66 17.04 453
1850 17.79 17.17 453
q 19.00 17.92 17.30 453
1950 18.05 17.43 453
¢ 20.00 18.18 17.56 4.53
2050 18.31 17.69 4.53
n_ 21.00 1844 17.82 453
2150 1857 17.95 4.53
Ll 2200 1870 18.08 453
2250 18.83 18.21 453
m 23.00 18.96 18.34 4.53
2350 19.09 18.47 453
:. 24.00 19.22 18.60 453
2450 19.22  18.60 0.00
25.00 19.22 18.60 0.00
2550 19.22  18.60 0.00
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Summary for Subcatchment 4S: Polishing Pond Area

Runoff = 25.32cfs@ 0.52 hrs, Volume= 4.201 af, Depth=18.60"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Holtwood PMP Half PMF Rainfall=19.22"

Area (ac) CN Description
* 1.891 98 Open Water
* 0.819 88 Non Active Area
2.710 95 Weighted Average
0.819 30.22% Pervious Area
1.891 69.78% Impervious Area
h Tc Length  Slope Velocity Capacity Description
z (min)  (feet) (ft/ft)  (ft/sec) (cfs)
2.3 50 0.0200 0.36 Sheet Flow, Shallow Flow
Ll Fallow n=0.050 P2=3.20"
0.2 129 0.0620 11.75 46.99 Trap/Vee/Rect Channel Flow, Swale
E Bot.W=0.00" D=2.00" Z=1.0"/" Top.W=4.00' n= 0.025
0.1 222 28.93 Lake or Reservoir, Flow through pond
- Mean Depth= 26.00'
U 2.6 401 Total
o' Subcatchment 4S: Polishing Pond Area
n Hydrograph
w wf'] L
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Hydrograph for Subcatchment 4S: Polishing Pond Area

Time Precip. Excess Runoff Time Precip. Excess Runoff
(hours) (inches) (inches) (cfs) (hours) (inches) (inches) (cfs)
000 0.00 0.00 0.00 26.00 19.22 18.60 0.00
050 257  2.03 24.74 2650 19.22  18.60 0.00
1.00 529 471 5.66 27.00 19.22 18.60 0.00
150 632  5.73 5.67 2750 19.22  18.60 0.00
200 720  6.60 4.30 28.00 19.22 18.60 0.00
250 812 752 5.43 2850 19.22  18.60 0.00
3.00  9.11 8.50 5.24 29.00 19.22 18.60 0.00
350 9.97 937 4.42 2950 19.22  18.60 0.00
400 1075 10.14 4.15 30.00 19.22 18.60 0.00
450 1151  10.91 4.18 3050 19.22 18.60 0.00
500 1228 11.67 4.18 31.00 19.22 18.60 0.00
|_ 550 13.02  12.41 3.62 31.50 19.22 18.60 0.00
6.00 1355 12.94 2.65 32.00 19.22 18.60 0.00
z 6.50 13.98 13.37 1.87 3250 19.22  18.60 0.00
700 1420 1359 1.02 33.00 19.22 18.60 0.00
u.| 750 1439 13.77 1.01 33.50 19.22 18.60 0.00
8.00 1457 13.96 1.02 34.00 19.22 18.60 0.00
E 850 1476 1415 1.02 3450 19.22  18.60 0.00
9.00 14.95 14.33 1.03 35.00 19.22 18.60 0.00
: 950 1513 14.52 1.02 3550 19.22  18.60 0.00
10.00 1532 14.70 1.01 36.00 19.22 18.60 0.00
(@) 1050 1550 14.89 1.03
11.00 1569 15.08 1.01
o 1150 15.88 15.27 1.03
12.00 16.07 15.45 1.01
a 1250 1622  15.61 0.72
13.00 16.35 15.74 0.71
L 13.50 16.48 15.87 0.71
14.00 16.61  16.00 0.71
> 1450 16.74 16.13 0.71
15.00 16.87 16.26 0.71
| 1550 17.01  16.39 0.71
: 16.00 17.14 16.52 0.71
16.50 17.27 16.65 0.71
u 17.00 17.40 16.78 0.71
1750 1753  16.91 0.71
ﬂ 18.00 17.66 17.04 0.71
1850 17.79 17.17 0.71
q 19.00 1792 17.30 0.71
19.50 18.05 17.43 0.71
¢ 20.00 18.18 17.56 0.71
2050 18.31 17.69 0.71
n_ 21.00 1844 17.82 0.71
2150 1857 17.95 0.71
Ll 2200 1870 18.08 0.71
2250 18.83 18.21 0.71
m 23.00 18.96 18.34 0.71
2350 19.09 18.47 0.71
:. 24.00 19.22 18.60 0.71
2450 19.22  18.60 0.00
2500 19.22 18.60 0.00
2550 19.22  18.60 0.00




Brunner Island Half PMP Holtwood PMP Half PMF Rainfall=19.22"

Prepared by HDR Portland Maine Printed 9/6/2012
HydroCAD® 9.00 s/n 00782 © 2009 HydroCAD Software Solutions LLC Page 13

Summary for Reach 1R: Channel

Inflow Area = 56.470 ac, 0.00% Impervious, Inflow Depth = 17.47" for Half PMF event
Inflow = 37224 cfs@ 0.78 hrs, Volume= 82.223 af
Outflow = 37166 cfs@ 0.80 hrs, Volume= 82.223 af, Atten= 0%, Lag= 0.9 min

Routing by Dyn-Muskingum-Cunge method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs /2
Reference Flow= 506.97 cfs Estimated Depth= 4.22' Velocity= 4.11 fps

m=1.532, c=6.30 fps, dt= 0.6 min, dx=313.0'/1 =313.0", K= 0.8 min, X=0.000
Max. Velocity= 6.30 fps, Min. Travel Time= 0.8 min

Avg. Velocity = 6.30 fps, Avg. Travel Time= 0.8 min

Peak Storage= 18,471 cf @ 0.80 hrs, Average Depth at Peak Storage=2.17"'
Bank-Full Depth= 5.00", Capacity at Bank-Full= 675.96 cfs

25.00' x 5.00" deep channel, n=0.025

Side Slope Z-value= 1.0/ Top Width= 35.00'
Length= 313.0' Slope= 0.0010"/'

Inlet Invert= 286.30', Outlet Invert= 286.00'

Reach 1R: Channel
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Holtwood PMP Half PMF Rainfall=19.22"

Reach 1R: Channel

Stage-Discharge
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Brunner Island Half PMP
Prepared by HDR Portland Maine
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Hydrograph for Reach 1R: Channel

Time Inflow Storage Elevation Outflow
(hours) (cfs) (cubic-feet) (feet) (cfs)
0.00 0.00 0 286.30 0.00
1.00 279.36 14,349 288.02 288.73
2.00 96.24 4,822 286.90 97.02
3.00 109.83 5,460 286.98 109.86
4.00 86.68 4,318 286.84 86.88
5.00 85.97 4,271 286.83 85.94
6.00 59.08 2,961 286.67 59.58
7.00 24.01 1,213 286.45 24.41
8.00 20.92 1,039 286.43 20.91
9.00 21.01 1,043 286.43 20.99
10.00 20.85 1,036 286.43 20.85
11.00 21.20 1,054 286.43 21.22
12.00 21.17 1,053 286.43 21.18
13.00 14.78 735 286.39 14.79
14.00 14.72 732 286.39 14.72
15.00 14.73 732 286.39 14.73
16.00 14.74 732 286.39 14.73
17.00 14.73 732 286.39 14.73
18.00 14.73 732 286.39 14.74
19.00 14.74 733 286.39 14.74
20.00 14.74 733 286.39 14.74
21.00 14.74 733 286.39 14.74
22.00 14.75 733 286.39 14.75
23.00 14.76 733 286.39 14.75
24.00 14.75 733 286.39 14.75
25.00 0.00 0 286.30 0.00
26.00 0.00 0 286.30 0.00
27.00 0.00 0 286.30 0.00
28.00 0.00 0 286.30 0.00
29.00 0.00 0 286.30 0.00
30.00 0.00 0 286.30 0.00
31.00 0.00 0 286.30 0.00
32.00 0.00 0 286.30 0.00
33.00 0.00 0 286.30 0.00
34.00 0.00 0 286.30 0.00
35.00 0.00 0 286.30 0.00
36.00 0.00 0 286.30 0.00
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Stage-Discharge for Reach 1R: Channel

Elevation Velocity Discharge m-Value Celerity Elevation Velocity Discharge m-Value Celerity
(feet) (ft/sec) (cfs) (ft/sec) (feet) (ft/sec) (cfs) (ft/sec)
286.30 0.00 0.00 1.661 0.00 288.90 3.13 224 .59 1.572 4.92
286.35 0.25 0.31 1.661 0.41 288.95 3.16 231.86 1.571 4.97
286.40 0.39 0.99 1.661 0.66 289.00 3.20 239.22 1.569 5.02
286.45 0.52 1.95 1.659 0.86 289.05 3.23 246.68 1.568 5.07
286.50 0.62 3.14 1.657 1.03 289.10 3.27 254 .24 1.566 512
286.55 0.72 4.56 1.655 1.19 289.15 3.30 261.88 1.565 5.16
286.60 0.81 6.17 1.653 1.34 289.20 3.33 269.62 1.564 5.21
286.65 0.90 7.98 1.651 1.48 289.25 3.37 277.46 1.562 5.26
286.70 0.98 9.96 1.649 1.62 289.30 3.40 285.38 1.561 5.30
286.75 1.06 12.12 1.647 1.74 289.35 3.43 293.40 1.560 5.35
286.80 1.13 14.44 1.644 1.86 289.40 3.46 301.52 1.558 5.39
h 286.85 1.20 16.92 1.642 1.98 289.45 3.49 309.72 1.557 5.44
286.90 1.27 19.55 1.640 2.09 289.50 3.52 318.01 1.556 5.48
z 286.95 1.34 2234 1638 2.19 289.55 3.56 326.40 1555 553
287.00 1.40 25.27 1.636 2.30 289.60 3.59 334.88 1.553 5.57
m 287.05 1.47 28.34 1.634 2.40 289.65 3.62 343.45 1.552 5.61
287.10 1.53 31.55 1.632 2.49 289.70 3.65 352.11 1.551 5.66
E 287.15 1.59 34.90 1.630 2.59 289.75 3.68 360.85 1.550 5.70
287.20 1.65 38.38 1.628 2.68 289.80 3.71 369.69 1.548 5.74
: 287.25 1.70 41.99 1.626 2.77 289.85 3.74 378.62 1.547 5.78
287.30 1.76 45.73 1.624 2.86 289.90 3.76 387.64 1.546 5.82
(@) 287.35  1.81 4959 1622 294 28995 379 39675 1545  5.86
287.40 1.87 53.58 1.621 3.02 290.00 3.82 405.95 1.544 5.90
o 287.45 1.92 57.69 1.619 3.11 290.05 3.85 415.24 1.543 5.94
287.50 1.97 61.92 1.617 3.18 290.10 3.88 424 .61 1.541 5.98
a 287.55 2.02 66.27 1.615 3.26 290.15 3.91 434.08 1.540 6.02
287.60 2.07 70.74 1.613 3.34 290.20 3.94 443.63 1.539 6.06
m 287.65 2.12 75.33 1.611 3.41 290.25 3.96 453.27 1.538 6.10
287.70 217 80.02 1.610 3.49 290.30 3.99 463.00 1.537 6.13
> 287.75 2.21 84.84 1.608 3.56 290.35 4.02 472.82 1.536 6.17
287.80 2.26 89.76 1.606 3.63 290.40 4.05 482.73 1.535 6.21
H 287.85 2.30 94.80 1.604 3.70 290.45 4.07 492.72 1.534 6.25
: 287.90 2.35 99.94 1.603 3.76 290.50 410 502.80 1.533 6.28
287.95 2.39 105.19 1.601 3.83 290.55 413 512.97 1.531 6.32
u 288.00 2.44 110.55 1.599 3.90 290.60 415 523.23 1.530 6.36
288.05 2.48 116.02 1.598 3.96 290.65 418 533.57 1.529 6.39
u 288.10 2.52 121.60 1.596 4.02 290.70 4.21 544.01 1.528 6.43
288.15 2.56 127.28 1.595 4.09 290.75 4.23 554 .53 1.527 6.46
q 288.20 2.60 133.06 1.593 415 290.80 4.26 565.13 1.526 6.50
288.25 2.64 138.95 1.591 4.21 290.85 4.28 575.82 1.525 6.53
¢ 288.30 2.68 144.93 1.590 4.27 290.90 4.31 586.60 1.524 6.57
288.35 2.72 151.03 1.588 4.33 290.95 4.33 597.47 1.523 6.60
n 288.40 2.76 157.22 1.587 4.38 291.00 4.36 608.42 1.522 6.63
288.45 2.80 163.51 1.585 4.44 291.05 4.38 619.46 1.521 6.67
m 288.50 2.84 169.91 1.584 4.50 291.10 4.41 630.59 1.520 6.70
288.55 2.88 176.40 1.582 4.55 291.15 4.43 641.80 1.519 6.73
m 288.60 2.91 182.99 1.581 4.61 291.20 4.46 653.10 1.518 6.77
288.65 2.95 189.68 1.579 4.66 291.25 4.48 664.49 1.517 6.80
: 288.70 2.99 196.47 1.578 4.71 291.30 4.51 675.96 1.516 6.83
288.75 3.02 203.35 1.576 4.77
288.80 3.06 210.34 1.575 4.82
288.85 3.09 217.41 1.573 4.87
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Stage-Area-Storage for Reach 1R: Channel

Elevation End-Area Storage Elevation End-Area Storage
(feet) (sqg-ft) (cubic-feet) (feet) (sqg-ft) (cubic-feet)
286.30 0.0 0 288.90 71.8 22,461
286.35 1.3 392 288.95 73.3 22,934
286.40 25 786 289.00 74.8 23,409
286.45 3.8 1,181 289.05 76.3 23,886
286.50 5.0 1,578 289.10 77.8 24,364
286.55 6.3 1,976 289.15 79.4 24,844
286.60 7.6 2,376 289.20 80.9 25,325
286.65 8.9 2,777 289.25 82.5 25,808
286.70 10.2 3,180 289.30 84.0 26,292
286.75 11.5 3,585 289.35 85.6 26,778
286.80 12.8 3,991 289.40 87.1 27,265
._ 286.85 14.1 4,398 289.45 88.7 27,754
286.90 15.4 4,808 289.50 90.2 28,245
z 286.95 16.7 5,218 289.55 91.8 28,737
287.00 18.0 5,631 289.60 93.4 29,231
u.| 287.05 19.3 6,045 289.65 95.0 29,726
287.10 20.6 6,460 289.70 96.6 30,223
E 287.15 22.0 6.877 289.75 98.2 30722
287.20 23.3 7,296 289.80 99.8 31,222
: 287.25 24.7 7,716 289.85 101.4 31,723
287.30 26.0 8,138 289.90 103.0 32,226
(@) 287.35 7.4 8.561 289.95  104.6 32,731
287.40 28.7 8,986 290.00 106.2 33,237
o' 287.45 30.1 9,413 290.05 107.8 33,745
287.50 31.4 9,841 290.10 109.4 34,255
a 287.55 32.8 10,270 290.15 111.1 34,766
287.60 34.2 10,701 290.20 112.7 35,278
u-| 287.65 35.6 11,134 290.25 114.4 35,792
287.70 37.0 11,568 290.30 116.0 36,308
> 287.75 38.4 12,004 290.35 117.7 36,825
287.80 39.8 12,442 290.40 119.3 37,344
| 287.85 41.2 12,881 290.45 121.0 37,864
: 287.90 42.6 13,321 290.50 122.6 38,386
287.95 44.0 13,763 290.55 124.3 38,910
u 288.00 45.4 14,207 290.60 126.0 39,435
288.05 46.8 14,652 290.65 127.7 39,961
u 288.10 48.2 15,099 290.70 129.4 40,490
288.15 49.7 15,547 290.75 131.1 41,019
q 288.20 51.1 15,997 290.80 132.8 41,551
288.25 52.6 16,449 290.85 134.5 42,084
¢ 288.30 54.0 16,902 290.90 136.2 42,618
288.35 55.5 17,357 290.95 137.9 43,154
n_ 288.40 56.9 17,813 291.00 139.6 43,692
288.45 58.4 18,271 291.05 141.3 44,231
Ll 288.50 59.8 18,730 29110  143.0 44,772
288.55 61.3 19,191 291.15 144.8 45314
m 288.60 62.8 19,653 291.20 146.5 45 858
288.65 64.3 20,117 291.25 148.3 46,403
:. 288.70 65.8 20,583 291.30 150.0 46,950
288.75 67.3 21,050
288.80 68.8 21,519
288.85 70.3 21,989
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Summary for Pond 1P: Main Basin

Assumed top of bank at 290. Assumed overtopping at 289.9 to avoid modeling error.

Inflow Area = 73.730 ac, 17.24% Impervious, Inflow Depth = 17.74" for Half PMF event
Inflow = 49193 cfs@ 0.76 hrs, Volume= 108.980 af

Outflow = 11292 cfs @ 4.90 hrs, Volume= 109.854 af, Atten=77%, Lag=248.4 min
Primary = 112.92cfs @ 4.90 hrs, Volume= 109.854 af

Secondary = 0.00cfs@ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs /2

Starting Elev= 286.00' Surf.Area= 10.240 ac Storage= 147.842 af

Peak Elev=288.42' @ 4.83 hrs Surf.Area= 14.533 ac Storage= 178.535 af (30.694 af above start)
Flood Elev= 290.00" Surf.Area= 14.533 ac Storage= 201.556 af (53.714 af above start)

Plug-Flow detention time= (not calculated: initial storage excedes outflow)
Center-of-Mass det. time= 215.7 min ( 592.2 - 376.5)

Volume Invert Avail.Storage Storage Description
#1 260.00' 201.556 af Custom Stage Data (Irregular) Listed below (Recalc)

Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area

(feet) (acres) (feet) (acre-feet) (acre-feet) (acres)

260.00 1.269 893.1 0.000 0.000 1.269
264.00 2990 1,479.1 8.276 8.276 3.811
270.00 4772 2,018.6 23.079 31.355 7.267
276.00 6.477 2,564.3 33.617 64.972 11.846
286.00 10.240 2,939.0 82.870 147.842 15.666
288.00 14533 7,373.0 24.648 172.490 99.196
290.00 14533 7,373.0 29.066 201.556 99.534

Device Routing Invert Outlet Devices

#1  Secondary 289.90' 850.0'long x 15.0' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.68 2.70 2.70 2.64 2.63 2.64 2.64 2.63
#2  Primary 285.75' 4.5' long Sharp-Crested Rectangular Weir X 2.00
2 End Contraction(s)

Primary OutFlow Max=69.50 cfs @ 4.90 hrs HW=288.42" TW=287.88" (Dynamic Tailwater)
2=Sharp-Crested Rectangular Weir (Weir Controls 69.50 cfs @ 3.29 fps)

econdary OutFlow Max=0.00 cfs @ 0.00 hrs HW=286.00' TW=278.20" (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Pond 1P: Main Basin
Hydrograph
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Hydrograph for Pond 1P: Main Basin

Time Inflow Storage Elevation Outflow Primary Secondary

(hours) (cfs) (acre-feet) (feet) (cfs) (cfs) (cfs)

0.00 0.00 147.842 286.00 3.64 3.64 0.00

1.00 347.73 165.608 287.51 63.20 63.20 0.00

2.00 124.88 173.060 288.04 91.59 91.59 0.00

3.00 143.95 176.066 288.25 103.26 103.26 0.00

4.00 113.34 177.893 288.37 103.43 103.43 0.00

5.00 112.52 178.530 288.42 112.91 112.91 0.00

6.00 76.63 177.731 288.36 109.74 109.74 0.00

7.00 30.98 174.050 288.11 95.36 95.36 0.00

8.00 27.41 169.830 287.81 74.82 74.82 0.00

9.00 27.49 166.228 287.55 65.56 65.56 0.00

10.00 27.26 163.535 287.35 55.35 55.35 0.00

h 11.00 27.70 161.562 287.20 47.95 47.95 0.00

12.00 27.65 160.118 287.08 42.60 42.60 0.00

z 13.00 19.32 158.713 286.97 37.47 37.47 0.00

14.00 19.25 157.412 286.86 32.79 32.79 0.00

m 15.00 19.26 156.442 286.78 29.37 29.37 0.00

16.00 19.26 155.716 286.72 26.84 26.84 0.00

E 17.00 19.26 155.171 286.67 24 .97 24.97 0.00

18.00 19.27 154.759 286.64 23.58 23.58 0.00

: 19.00 19.27 154.448 286.61 22.54 22.54 0.00

20.00 19.27 154.212 286.59 21.75 21.75 0.00

U' 21.00 19.28 154.033 286.57 21.16 21.16 0.00

22.00 19.28 153.897 286.56 20.71 20.71 0.00

o 23.00 19.28 153.793 286.55 20.37 20.37 0.00

24.00 19.28 153.715 286.54 20.11 20.11 0.00

a 25.00 0.00 152.563 286.44 16.42 16.42 0.00

26.00 0.00 151.364 286.33 12.77 12.77 0.00

m 27.00 0.00 150.426 286.25 10.07 10.07 0.00

28.00 0.00 149.681 286.18 8.05 8.05 0.00

> 29.00 0.00 149.083 286.12 6.51 6.51 0.00

30.00 0.00 148.596 286.07 5.33 5.33 0.00

= 31.00 0.00 148195  286.03 4.41 4.41 0.00

: 32.00 0.00 147.862 286.00 3.68 3.68 0.00

33.00 0.00 147.582 285.97 3.10 3.10 0.00

U- 34.00 0.00 147.346 285.95 2.64 2.64 0.00

35.00 0.00 147.144 285.93 2.26 2.26 0.00

u 36.00 0.00 146.970 285.91 1.95 1.95 0.00
(I
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Stage-Discharge for Pond 1P: Main Basin

Elevation Discharge Primary Secondary Elevation Discharge Primary Secondary
(feet) (cfs) (cfs) (cfs) (feet) (cfs) (cfs) (cfs)
260.00 0.00 0.00 0.00 275.60 0.00 0.00 0.00
260.30 0.00 0.00 0.00 275.90 0.00 0.00 0.00
260.60 0.00 0.00 0.00 276.20 0.00 0.00 0.00
260.90 0.00 0.00 0.00 276.50 0.00 0.00 0.00
261.20 0.00 0.00 0.00 276.80 0.00 0.00 0.00
261.50 0.00 0.00 0.00 27710 0.00 0.00 0.00
261.80 0.00 0.00 0.00 277.40 0.00 0.00 0.00
262.10 0.00 0.00 0.00 277.70 0.00 0.00 0.00
262.40 0.00 0.00 0.00 278.00 0.00 0.00 0.00
262.70 0.00 0.00 0.00 278.30 0.00 0.00 0.00
263.00 0.00 0.00 0.00 278.60 0.00 0.00 0.00
h 263.30 0.00 0.00 0.00 278.90 0.00 0.00 0.00
263.60 0.00 0.00 0.00 279.20 0.00 0.00 0.00
z 263.90 0.00 0.00 0.00 279.50 0.00 0.00 0.00
264.20 0.00 0.00 0.00 279.80 0.00 0.00 0.00
m 264.50 0.00 0.00 0.00 280.10 0.00 0.00 0.00
264.80 0.00 0.00 0.00 280.40 0.00 0.00 0.00
E 265.10 0.00 0.00 0.00 280.70 0.00 0.00 0.00
265.40 0.00 0.00 0.00 281.00 0.00 0.00 0.00
: 265.70 0.00 0.00 0.00 281.30 0.00 0.00 0.00
266.00 0.00 0.00 0.00 281.60 0.00 0.00 0.00
U' 266.30 0.00 0.00 0.00 281.90 0.00 0.00 0.00
266.60 0.00 0.00 0.00 282.20 0.00 0.00 0.00
o 266.90 0.00 0.00 0.00 282.50 0.00 0.00 0.00
267.20 0.00 0.00 0.00 282.80 0.00 0.00 0.00
n 267.50 0.00 0.00 0.00 283.10 0.00 0.00 0.00
267.80 0.00 0.00 0.00 283.40 0.00 0.00 0.00
m 268.10 0.00 0.00 0.00 283.70 0.00 0.00 0.00
268.40 0.00 0.00 0.00 284.00 0.00 0.00 0.00
> 268.70 0.00 0.00 0.00 284.30 0.00 0.00 0.00
269.00 0.00 0.00 0.00 284.60 0.00 0.00 0.00
- 269.30 0.00 0.00 0.00 284.90 0.00 0.00 0.00
: 269.60 0.00 0.00 0.00 285.20 0.00 0.00 0.00
269.90 0.00 0.00 0.00 285.50 0.00 0.00 0.00
u- 270.20 0.00 0.00 0.00 285.80 0.33 0.33 0.00
270.50 0.00 0.00 0.00 286.10 6.00 6.00 0.00
u 270.80 0.00 0.00 0.00 286.40 14.98 14.98 0.00
271.10 0.00 0.00 0.00 286.70 26.10 26.10 0.00
q 271.40 0.00 0.00 0.00 287.00 38.84 38.84 0.00
271.70 0.00 0.00 0.00 287.30 52.88 52.88 0.00
¢ 272.00 0.00 0.00 0.00 287.60 67.97 67.97 0.00
272.30 0.00 0.00 0.00 287.90 83.91 83.91 0.00
n 272.60 0.00 0.00 0.00 288.20 100.57 100.57 0.00
272.90 0.00 0.00 0.00 288.50 117.81 117.81 0.00
m 273.20 0.00 0.00 0.00 288.80 135.51 135.51 0.00
273.50 0.00 0.00 0.00 289.10 153.58 153.58 0.00
m 273.80 0.00 0.00 0.00 289.40 171.93 171.93 0.00
27410 0.00 0.00 0.00 289.70 190.48 190.48 0.00
:. 274.40 0.00 0.00 0.00 290.00 281.18 209.15 72.04
274.70 0.00 0.00 0.00
275.00 0.00 0.00 0.00
275.30 0.00 0.00 0.00
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Stage-Area-Storage for Pond 1P: Main Basin

Elevation Surface Storage Elevation Surface Storage
(feet) (acres) (acre-feet) (feet) (acres) (acre-feet)
260.00 1.269 0.000 275.60 6.355 62.405
260.30 1.373 0.396 275.90 6.446 64.325
260.60 1.481 0.824 276.20 6.544 66.274
260.90 1.593 1.285 276.50 6.645 68.252
261.20 1.709 1.780 276.80 6.746 70.261
261.50 1.829 2.311 277.10 6.849 72.300
261.80 1.954 2.878 277.40 6.952 74.370
262.10 2.082 3.483 277.70 7.056 76.471
262.40 2.214 4128 278.00 7.161 78.604
262.70 2.351 4.813 278.30 7.267 80.768
263.00 2.492 5.539 278.60 7.373 82.964
._ 263.30 2.636 6.308 278.90 7.480 85.192
263.60 2.785 7.121 279.20 7.588 87.452
z 263.90 2.938 7.979 279.50 7.696 89.744
264.20 3.043 8.879 279.80 7.806 92.070
u.| 264.50 3.123 9.804 280.10 7.916 94.428
264.80 3.204 10.753 280.40 8.027 96.819
E 265.10 3.286 11.726 280.70 8.139 99.244
265.40 3.369 12.724 281.00 8.251 101.703
: 265.70 3.453 13.748 281.30 8.365 104.195
266.00 3.538 14.796 281.60 8.479 106.722
U 266.30 3.624 15.870 281.90 8.593 109.282
266.60 3.711 16.971 282.20 8.709 111.878
o 266.90 3.800 18.097 282.50 8.825 114.508
267.20 3.889 19.250 282.80 8.942 117.173
n 267.50 3.979 20.431 283.10 9.060 119.873
267.80 4.070 21.638 283.40 9.179 122.609
u.l 268.10 4163 22.873 283.70 9.299 125.381
268.40 4.256 24.136 284.00 9.419 128.188
> 268.70 4.351 25.427 284.30 9.540 131.032
269.00 4.446 26.746 284.60 9.662 133.912
| 269.30 4.543 28.095 284.90 9.784 136.829
: 269.60 4.640 29.472 285.20 9.907 139.783
269.90 4.739 30.879 285.50 10.031 142.774
u 270.20 4.825 32.314 285.80 10.156 145.802
270.50 4.904 33.774 286.10 10.437 148.875
u 270.80 4.984 35.257 286.40 11.039 152.096
271.10 5.065 36.764 286.70 11.657 155.500
q 271.40 5.147 38.296 287.00 12.293 159.092
271.70 5.229 39.852 287.30 12.945 162.878
¢ 272.00 5.311 41.433 287.60 13.614 166.861
272.30 5.395 43.039 287.90 14.301 171.048
n_ 272.60 5.479 44.670 288.20 14.533 175.396
272.90 5.564 46.327 288.50 14.533 179.756
Ll 273.20 5.649 48.008 288.80 14,533 184.116
273.50 5.735 49.716 289.10 14.533 188.476
m 273.80 5.822 51.449 289.40 14.533 192.836
274.10 5.909 53.209 289.70 14.533 197.196
:. 274.40 5.997 54.995 290.00 14.533 201.556
274.70 6.086 56.807
275.00 6.175 58.646
275.30 6.265 60.512
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Summary for Pond 2P: Polishing Pond

Assumed top of bank at 290. Assumed overtopping at 289.9 to avoid modeling error.

Inflow Area = 76.440 ac, 19.10% Impervious, Inflow Depth > 17.91" for Half PMF event
Inflow = 117.10cfs @ 4.90 hrs, Volume= 114.055 af

Outflow = 100.96 cfs @ 6.77 hrs, Volume= 105.582 af, Atten= 14%, Lag= 111.9 min
Primary = 100.96 cfs @ 6.77 hrs, Volume= 105.608 af

Secondary = 0.00cfs@ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs /2

Starting Elev=268.00" Surf.Area= 26,962 sf Storage= 219,307 cf

Peak Elev=285.58' @ 6.77 hrs Surf.Area= 85,511 sf Storage= 1,053,313 cf (834,007 cf above start)
Flood Elev= 290.00" Surf.Area= 98,990 sf Storage= 1,474,008 cf (1,254,702 cf above start)

Plug-Flow detention time= 236.2 min calculated for 100.546 af (88% of inflow)
Center-of-Mass det. time= 86.1 min ( 669.5 - 583.3 )

Volume Invert Avail.Storage Storage Description
#1 254.00' 1,474,008 cf Custom Stage Data (Irregular) Listed below (Recalc)

Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area

(feet) (sg-ft) (feet) (cubic-feet) (cubic-feet) (sg-ft)

254.00 2,693 202.2 0 0 2,693
260.00 15,830 477.0 50,104 50,104 17,685
270.00 30,205 648.0 226,338 276,443 33,994
280.00 50,453 833.6 398,985 675,428 57,097
285.00 82,403 1,143.9 328,891 1,004,319 106,177
288.00 98,990 1,266.3 271,710 1,276,028 129,929
290.00 98,990 1,266.3 197,980 1,474,008 132,462

Device Routing Invert Outlet Devices

#1  Secondary 289.90' 650.0'long x 15.0' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.68 2.70 2.70 2.64 2.63 2.64 2.64 2.63
#2  Primary 268.00' 30.0" Horiz. Orifice/Grate X2.00 C= 0.600
Limited to weir flow at low heads

Primary OutFlow Max=100.57 cfs @ 6.77 hrs HW=285.58" TW=281.06" (Dynamic Tailwater)
2=0Orifice/Grate (Orifice Controls 100.57 cfs @ 10.24 fps)

econdary OutFlow Max=0.00 cfs @ 0.00 hrs HW=268.00' TW=278.20" (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Pond 2P: Polishing Pond
Hydrograph
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Pond 2P: Polishing Pond
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Hydrograph for Pond 2P: Polishing Pond

Time Inflow Storage Elevation Outflow Primary Secondary

(hours) (cfs) (cubic-feet) (feet) (cfs) (cfs) (cfs)

0.00 3.64 219,372 268.00 0.00 0.01 0.00

1.00 68.86 333,772 271.80 0.00 0.00 0.00

2.00 95.89 633,134 279.15 35.49 35.49 0.00

3.00 108.49 790,069 282.03 72.45 72.45 0.00

4.00 107.58 896,743 283.61 86.18 86.18 0.00

5.00 117.08 965,625 284.52 93.27 93.27 0.00

6.00 112.38 1,034,337 285.36 99.43 99.43 0.00

7.00 96.38 1,051,505 285.56 100.75 100.75 0.00

8.00 75.85 985,430 284.77 95.04 95.04 0.00

9.00 66.58 914,936 283.86 88.24 88.24 0.00

10.00 56.36 833,914 282.71 78.80 78.80 0.00

h 11.00 48.97 758,882 281.52 67.63 67.63 0.00

12.00 43.61 702,000 280.51 56.43 56.43 0.00

z 13.00 38.18 664,362  279.78 46.64 46.64 0.00

14.00 33.50 640,019 279.29 38.68 38.68 0.00

m 15.00 30.08 625,736 278.99 33.02 33.02 0.00

16.00 27.56 617,592 278.82 29.27 29.27 0.00

E 17.00 25.69 612,715 278.72 26.75 26.75 0.00

18.00 24.29 609,586 278.65 25.00 25.00 0.00

: 19.00 23.25 607,470 278.61 23.74 23.74 0.00

20.00 22.46 605,989 278.58 22.81 22.81 0.00

U' 21.00 21.87 604,927 278.56 2212 2212 0.00

22.00 21.42 604,155 278.54 21.60 21.60 0.00

o 23.00 21.08 603,586 278.53 21.22 21.22 0.00

24.00 20.82 603,164 278.52 20.92 20.92 0.00

a 25.00 16.42 599,148 278.43 17.92 17.92 0.00

26.00 12.77 594,627 278.34 13.73 13.73 0.00

m 27.00 10.07 592,049 278.28 10.59 10.59 0.00

28.00 8.05 590,612 278.25 8.35 8.35 0.00

> 29.00 6.51 589,772 278.23 6.69 6.69 0.00

30.00 5.33 589,259 278.22 5.44 5.44 0.00

H 31.00 4.41 588,938 278.21 4.48 4.48 0.00

: 32.00 3.68 588,730 278.21 3.73 3.73 0.00

33.00 3.10 588,593 278.21 3.13 3.13 0.00

U- 34.00 2.64 588,500 278.21 2.66 2.66 0.00

35.00 2.26 588,436 278.20 2.28 2.28 0.00

u 36.00 1.95 588,391 278.20 1.96 1.96 0.00
I
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Stage-Discharge for Pond 2P: Polishing Pond

Elevation Discharge Primary Secondary Elevation Discharge Primary Secondary
(feet) (cfs) (cfs) (cfs) (feet) (cfs) (cfs) (cfs)
254.00 0.00 0.00 0.00 274.80 123.27 123.27 0.00
254.40 0.00 0.00 0.00 275.20 126.84 126.84 0.00
254.80 0.00 0.00 0.00 275.60 130.32 130.32 0.00
255.20 0.00 0.00 0.00 276.00 133.70 133.70 0.00
255.60 0.00 0.00 0.00 276.40 137.00 137.00 0.00
256.00 0.00 0.00 0.00 276.80 140.23 140.23 0.00
256.40 0.00 0.00 0.00 277.20 143.38 143.38 0.00
256.80 0.00 0.00 0.00 277.60 146.46 146.46 0.00
257.20 0.00 0.00 0.00 278.00 149.48 149.48 0.00
257.60 0.00 0.00 0.00 278.40 152.44 152.44 0.00
258.00 0.00 0.00 0.00 278.80 155.35 155.35 0.00
h 258.40 0.00 0.00 0.00 279.20 158.20 158.20 0.00
258.80 0.00 0.00 0.00 279.60 161.00 161.00 0.00
z 259.20 0.00 0.00 0.00 280.00 163.75 163.75 0.00
259.60 0.00 0.00 0.00 280.40 166.46 166.46 0.00
m 260.00 0.00 0.00 0.00 280.80 169.12 169.12 0.00
260.40 0.00 0.00 0.00 281.20 171.74 171.74 0.00
E 260.80 0.00 0.00 0.00 28160 17433  174.33 0.00
261.20 0.00 0.00 0.00 282.00 176.87 176.87 0.00
: 261.60 0.00 0.00 0.00 282.40 179.38 179.38 0.00
262.00 0.00 0.00 0.00 282.80 181.85 181.85 0.00
U' 262.40 0.00 0.00 0.00 283.20 184.30 184.30 0.00
262.80 0.00 0.00 0.00 283.60 186.71 186.71 0.00
o 263.20 0.00 0.00 0.00 284.00 189.08 189.08 0.00
263.60 0.00 0.00 0.00 284.40 191.43 191.43 0.00
a 264.00 0.00 0.00 0.00 284.80 193.75 193.75 0.00
264.40 0.00 0.00 0.00 285.20 196.05 196.05 0.00
m 264.80 0.00 0.00 0.00 285.60 198.31 198.31 0.00
265.20 0.00 0.00 0.00 286.00 200.55 200.55 0.00
> 265.60 0.00 0.00 0.00 286.40 202.77 202.77 0.00
266.00 0.00 0.00 0.00 286.80 204.96 204.96 0.00
= 266.40 0.00 0.00 0.00 287.20 207.13 207.13 0.00
: 266.80 0.00 0.00 0.00 287.60 209.28 209.28 0.00
267.20 0.00 0.00 0.00 288.00 211.40 211.40 0.00
u- 267.60 0.00 0.00 0.00 288.40 213.51 213.51 0.00
268.00 0.00 0.00 0.00 288.80 215.59 215.59 0.00
u 268.40 12.99 12.99 0.00 289.20 217.65 217.65 0.00
268.80 36.75 36.75 0.00 289.60 219.70 219.70 0.00
q 269.20 51.78 51.78 0.00 290.00 276.81 221.72 55.09
269.60 59.79 59.79 0.00
¢ 270.00 66.85 66.85 0.00
270.40 73.23 73.23 0.00
n 270.80 79.10 79.10 0.00
271.20 84.56 84.56 0.00
Ll 271.60 89.69 89.69 0.00
272.00 94.54 94.54 0.00
m 272.40 99.16 99.16 0.00
272.80 103.57 103.57 0.00
:. 273.20 107.79 107.79 0.00
273.60 111.86 111.86 0.00
274.00 115.79 115.79 0.00
274.40 119.59 119.59 0.00
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Stage-Area-Storage for Pond 2P: Polishing Pond

Elevation Surface Storage Elevation Surface Storage
(feet) (sqg-ft) (cubic-feet) (feet) (sqg-ft) (cubic-feet)
254.00 2,693 0 274.80 39,279 442 729
254.40 3,229 1,183 275.20 40,089 458,603
254.80 3,813 2,589 275.60 40,907 474,802
255.20 4,446 4,240 276.00 41,734 491,330
255.60 5,128 6,153 276.40 42,569 508,190
256.00 5,858 8,348 276.80 43,412 525,386
256.40 6,636 10,845 277.20 44,263 542,920
256.80 7,464 13,664 277.60 45122 560,797
257.20 8,339 16,823 278.00 45,990 579,019
257.60 9,264 20,342 278.40 46,866 597,590
258.00 10,237 24,240 278.80 47,750 616,513
._ 258.40 11,258 28,537 279.20 48,643 635,792
258.80 12,328 33,253 279.60 49,544 655,429
z 259.20 13,447 38,407 280.00 50,453 675,428
259.60 14,614 44,017 280.40 52,722 696,061
u.| 260.00 15,830 50,104 280.80 55,041 717,612
260.40 16,317 56,533 281.20 57,410 740,101
E 260.80 16,811 63,159 281.60 59,829 763,547
261.20 17,312 69,983 282.00 62,297 787,970
: 261.60 17,821 77,009 282.40 64,816 813,391
262.00 18,337 84,240 282.80 67,384 839,830
U 262.40 18,860 91,679 283.20 70,003 867,305
262.80 19,391 99,329 283.60 72,671 895,838
O' 263.20 19,929 107,193 284.00 75,389 925,449
263.60 20,475 115,274 284.40 78,157 956,156
a 264.00 21,028 123,574 284.80 80,975 987,981
264.40 21,588 132,097 285.20 83,462 1,020,905
u-| 264.80 22,155 140,845 285.60 85,599 1,054,716
265.20 22,730 149,822 286.00 87,763 1,089,388
> 265.60 23,313 159,030 286.40 89,954 1,124,931
266.00 23,903 168,473 286.80 92,173 1,161,355
| 266.40 24,500 178,153 287.20 94,418 1,198,672
: 266.80 25,104 188,074 287.60 96,691 1,236,893
267.20 25,716 198,238 288.00 98,990 1,276,028
u 267.60 26,335 208,648 288.40 98,990 1,315,624
268.00 26,962 219,307 288.80 98,990 1,355,220
u 268.40 27,596 230,218 289.20 98,990 1,394,816
268.80 28,237 241,384 289.60 98,990 1,434,412
q 269.20 28,886 252,809 290.00 98,990 1,474,008
269.60 29,542 264,494
¢ 270.00 30,205 276,443
270.40 30,916 288,667
n_ 270.80 31,635 301,176
271.20 32,362 313,976
Ll 271.60 33,098 327,067
272.00 33,841 340,455
m 272.40 34,593 354,141
272.80 35,354 368,131
:. 273.20 36,122 382,425
273.60 36,899 397,030
274.00 37,684 411,946
274.40 38,478 427178
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Summary for Pond 2R: Outlet Pipe

Inflow Area = 73.730 ac, 17.24% Impervious, Inflow Depth > 17.88" for Half PMF event
Inflow = 112.92cfs @ 4.90 hrs, Volume= 109.854 af

Outflow = 11292 cfs @ 4.90 hrs, Volume= 109.854 af, Atten= 0%, Lag= 0.0 min
Primary = 112.92cfs @ 4.90 hrs, Volume= 109.854 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs /2
Peak Elev=288.63' @ 5.93 hrs

Device Routing Invert Outlet Devices
#1  Primary 271.00' 48.0" Round Culvert
L=122.0" Box, headwall w/3 square edges, Ke= 0.500
Outlet Invert= 270.75' S=0.0020 '/ Cc= 0.900
n=0.015 Concrete sewer w/manholes & inlets

Primary OutFlow Max=112.76 cfs @ 4.90 hrs HW=287.88' TW=284.41" (Dynamic Tailwater)
1=Culvert (Inlet Controls 112.76 cfs @ 8.97 fps)

Pond 2R: Outlet Pipe
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Hydrograph for Pond 2R: Outlet Pipe

Time Inflow Elevation Primary Time Inflow Elevation Primary
(hours) (cfs) (feet) (cfs) (hours) (cfs) (feet) (cfs)
0.00 364  271.88 3.64 26.00 12.77  278.38 12.77
0.50 8.21 272.31 8.21 26.50 11.32  278.34 11.32
1.00 63.20  275.04 63.20 27.00 10.07  278.31 10.07
1.50 83.16  277.62 83.16 27.50 899  278.29 8.99
2.00 9159  281.44 91.59 28.00 8.05 27827 8.05
2.50 96.40  283.40 96.40 28.50 723 27825 7.23
3.00 103.26  284.95 103.26 29.00 6.51 278.24 6.51
3.50 106.56  286.06 106.56 29.50 588  278.24 5.88
4.00 103.43  286.53 103.43 30.00 533 27823 5.33
4.50 101.15  286.85 101.15 30.50 484 27822 4.84
5.00 112.91 287.99 112.91 31.00 4.41 278.22 4.41
|_ 5.50 112.81 288.46 112.81 31.50 402 27822 4.02
6.00 109.74 288.63 109.74 32.00 368  278.21 3.68
z 6.50 103.95  288.48 103.95 32.50 338  278.21 3.38
7.00 9536  288.03 95.36 33.00 310  278.21 3.10
u.| 7.50 75.07  286.76 75.07 33.50 286  278.21 2.86
8.00 74.82  286.30 74.82 34.00 264  278.21 2.64
E 8.50 72.01 285.76 72.01 34.50 244  278.21 2.44
9.00 65.56  285.03 65.56 35.00 226  278.21 2.26
: 9.50 60.07  284.29 60.07 35.50 210  278.20 2.10
10.00 5535  283.55 55.35 36.00 1.95  278.20 1.95
(@) 1050 5132 28283 5132
11.00 47.95  282.15 47.95
o 11.50 45.04  281.54 45.04
12.00 4260  281.01 42.60
a 12.50 40.26  280.56 40.26
13.00 37.47  280.16 37.47
Ll 13.50 34.94  279.84 34.94
14.00 3279  279.58 32.79
> 14.50 30.95 279.38 30.95
15.00 29.37  279.23 29.37
= 15.50 28.01  279.11 28.01
: 16.00 26.84  279.02 26.84
16.50 25.84  278.95 25.84
u 17.00 2497  278.89 24.97
17.50 2423  278.84 24.23
u 18.00 2358  278.81 23.58
18.50 23.02  278.77 23.02
q 19.00 2254  278.75 22.54
19.50 2212  278.73 22.12
¢ 20.00 2175  278.71 21.75
20.50 21.43  278.69 21.43
n_ 21.00 2116  278.68 21.16
21.50 20.92  278.67 20.92
|.|.| 22.00 20.71 278.66 20.71
22.50 2053  278.65 20.53
m 23.00 20.37  278.64 20.37
23.50 20.23  278.63 20.23
:. 24.00 20.11 278.63 20.11
24.50 18.70  278.58 18.70
25.00 16.42  278.51 16.42
25.50 14.46  278.44 14.46
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Stage-Discharge for Pond 2R: Outlet Pipe

Elevation Primary Elevation Primary
(feet) (cfs) (feet) (cfs)
271.00 0.00 281.40 171.34
271.20 0.15 281.60 173.90
271.40 0.69 281.80 176.42
271.60 1.64 282.00 178.91
271.80 3.00 282.20 181.36
272.00 4.75 282.40 183.77
272.20 6.88 282.60 186.16
272.40 9.37 282.80 188.52
272.60 12.19 283.00 190.85
272.80 15.31 283.20 193.15
273.00 18.72 283.40 195.13
._ 273.20 22.39 283.60 197.00
273.40 26.29 283.80 198.85
z 273.60 30.40 284.00 200.68
273.80 34.68 284.20 202.49
u.| 274.00 39.11 284.40 204.29
274.20 43.66 284.60 206.08
E 274.40 48.28 284.80  207.85
274.60 52.95 285.00 209.60
: 274.80 57.61 285.20 211.34
275.00 62.22 285.40 213.07
(@) 275.20 66.72 285.60  214.78
275.40 71.04 285.80 216.48
o 275.60 75.10 286.00 218.16
275.80 78.77 286.20 219.83
a 276.00 81.87 286.40 221.49
276.20 84.02 286.60 223 .14
(T 276.40 85.35 286.80 224.77
276.60 90.37 287.00 226.40
> 276.80 95.13 287.20 228.01
277.00 99.67 287.40 229 .61
| 277.20 104.00 287.60 231.20
: 277.40 108.16 287.80 232.77
277.60 11217 288.00 234.34
u 277.80 116.04 288.20 235.90
278.00 119.78 288.40 237.45
u 278.20 123.41 288.60 238.98
278.40 126.94 288.80 240.51
q 278.60 130.37
278.80 133.72
¢ 279.00 136.98
279.20 140.16
(a ¥ 279.40 143.28
279.60 146.33
Ll 279.80  149.31
280.00 152.24
m 280.20 155.11
280.40 157.94
:. 280.60 160.71
280.80 163.43
281.00 166.11
281.20 168.75
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Stage-Area-Storage for Pond 2R: Outlet Pipe

Elevation Storage Elevation Storage
(feet) (cubic-feet) (feet) (cubic-feet)
271.00 0 281.40 0
271.20 0 281.60 0
271.40 0 281.80 0
271.60 0 282.00 0
271.80 0 282.20 0
272.00 0 282.40 0
272.20 0 282.60 0
272.40 0 282.80 0
272.60 0 283.00 0
272.80 0 283.20 0
273.00 0 283.40 0
._ 273.20 0 283.60 0
273.40 0 283.80 0
z 273.60 0 284.00 0
273.80 0 284.20 0
u.| 274.00 0 284.40 0
274.20 0 284.60 0
E 274.40 0 284.80 0
274.60 0 285.00 0
: 274.80 0 285.20 0
275.00 0 285.40 0
(@) 275.20 0 285.60 0
275.40 0 285.80 0
O' 275.60 0 286.00 0
275.80 0 286.20 0
a 276.00 0 286.40 0
276.20 0 286.60 0
u.l 276.40 0 286.80 0
276.60 0 287.00 0
> 276.80 0 287.20 0
277.00 0 287.40 0
| 277.20 0 287.60 0
: 277.40 0 287.80 0
277.60 0 288.00 0
u 277.80 0 288.20 0
278.00 0 288.40 0
m 278.20 0 288.60 0
278.40 0 288.80 0
q 278.60 0
278.80 0
¢ 279.00 0
279.20 0
n_ 279.40 0
279.60 0
J 279.80 0
280.00 0
m 280.20 0
280.40 0
:. 280.60 0
280.80 0
281.00 0
281.20 0
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Pond 3R: Outlet Pipe
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Hydrograph for Pond 3R: Outlet Pipe

Time Inflow Elevation Primary Time Inflow Elevation Primary
(hours) (cfs) (feet) (cfs) (hours) (cfs) (feet) (cfs)
0.00 001  277.96 0.01 26.00 13.73  278.25 13.73
0.50 0.00 277.96 0.00 26.50 12.03  278.24 12.03
1.00 0.00 277.96 0.00 27.00 1059  278.23 10.59
1.50 0.00 277.96 0.00 27.50 9.38  278.22 9.38
2.00 3549 27855 35.49 28.00 8.35  278.22 8.35
250 60.28  279.22 60.28 28.50 7.46  278.22 7.46
3.00 72.45  279.67 72.45 29.00 6.69  278.21 6.69
3.50 80.78  280.03 80.78 29.50 6.02  278.21 6.02
4.00 86.18  280.28 86.18 30.00 5.44  278.21 5.44
4.50 89.65  280.45 89.65 30.50 493  278.21 4.93
5.00 93.27  280.64 93.27 31.00 4.48  278.21 4.48
._ 5.50 96.96  280.83 96.96 31.50 408  278.20 4.08
6.00 99.43  280.97 99.43 32.00 3.73  278.20 3.73
z 6.50 100.76 281.05 100.76 32.50 3.41 278.20 3.41
7.00 100.75  281.04 100.75 33.00 313  278.20 3.13
Ll 7.50 98.23  280.90 98.23 33.50 288  278.20 2.88
8.00 95.04  280.73 95.04 34.00 266  278.20 2.66
E 8.50 9191 28057 91.91 34.50 246 27820 2.46
9.00 88.24  280.38 88.24 35.00 228  278.20 2.28
: 9.50 83.82  280.17 83.82 35.50 211  278.20 211
10.00 78.80  279.94 78.80 36.00 1.96  278.20 1.96
U 10.50 73.34  279.71 73.34
11.00 67.63  279.48 67.63
O' 11.50 61.91  279.27 61.91
12.00 56.43  279.09 56.43
a 12.50 51.36  278.94 51.36
13.00 46.64  278.81 46.64
L 13.50 4239  278.70 42.39
14.00 38.68  278.62 38.68
> 14.50 3557 27855 35.57
15.00 33.02  278.51 33.02
= 15.50 30.95 278.47 30.95
: 16.00 2927  278.44 29.27
16.50 27.89  278.42 27.89
u 17.00 26.75  278.40 26.75
17.50 2580  278.39 25.80
ﬂ 18.00 2500 278.38 25.00
18.50 2432 27837 24.32
q 19.00 2374  278.36 23.74
19.50 2324 27835 23.24
¢ 20.00 2281  278.35 22 81
20.50 2044  278.34 22 44
(a ¥ 21.00 2212  278.34 2212
21.50 21.84 27833 21.84
Ll 22.00 2160  278.33 21.60
2250 2140  278.33 21.40
m 23.00 2122  278.33 21.22
23.50 21.06  278.32 21.06
:. 24.00 20.92 278.32 20.92
24.50 19.91  278.31 19.91
25.00 17.92  278.29 17.92
25.50 15.73  278.27 15.73
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Stage-Discharge for Pond 3R: Outlet Pipe

Elevation Primary Elevation Primary
(feet) (cfs) (feet) (cfs)
253.00 0.00 268.60 0.00
253.30 0.00 268.90 0.00
253.60 0.00 269.20 0.00
253.90 0.00 269.50 0.00
254.20 0.00 269.80 0.00
254.50 0.00 270.10 0.00
254.80 0.00 270.40 0.00
255.10 0.00 270.70 0.00
255.40 0.00 271.00 0.00
255.70 0.00 271.30 0.00
256.00 0.00 271.60 0.00
|_ 256.30 0.00 271.90 0.00
256.60 0.00 272.20 0.00
z 256.90 0.00 272.50 0.00
257.20 0.00 272.80 0.00
u.| 257.50 0.00 273.10 0.00
257.80 0.00 273.40 0.00
E 258.10 0.00 273.70 0.00
258.40 0.00 274.00 0.00
: 258.70 0.00 274.30 0.00
259.00 0.00 274.60 0.00
(@) 259.30 0.00 274.90 0.00
259.60 0.00 275.20 0.00
o 259.90 0.00 275.50 0.00
260.20 0.00 275.80 0.00
a 260.50 0.00 276.10 0.00
260.80 0.00 276.40 0.00
L 261.10 0.00 276.70 0.00
261.40 0.00 277.00 0.00
> 261.70 0.00 277.30 0.00
262.00 0.00 277.60 0.00
| 262.30 0.00 277.90 0.00
: 262.60 0.00 278.20 0.00
262.90 0.00 278.50 32.72
u 263.20 0.00 278.80 46.27
263.50 0.00 279.10 56.67
m 263.80 0.00 279.40 65.43
264.10 0.00 279.70 73.16
4{ 264.40 0.00 280.00 80.14
264.70 0.00 280.30 86.56
¢ 265.00 0.00 280.60 92.54
265.30 0.00 280.90 98.15
n_ 265.60 0.00
265.90 0.00
Ll 266.20 0.00
266.50 0.00
m 266.80 0.00
267.10 0.00
:. 267.40 0.00
267.70 0.00
268.00 0.00
268.30 0.00
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Stage-Area-Storage for Pond 3R: Outlet Pipe

Elevation Storage Elevation Storage
(feet) (cubic-feet) (feet) (cubic-feet)
253.00 0 268.60 0
253.30 0 268.90 0
253.60 0 269.20 0
253.90 0 269.50 0
254.20 0 269.80 0
254.50 0 270.10 0
254.80 0 270.40 0
255.10 0 270.70 0
255.40 0 271.00 0
255.70 0 271.30 0
256.00 0 271.60 0
._ 256.30 0 271.90 0
256.60 0 272.20 0
z 256.90 0 272.50 0
257.20 0 272.80 0
u.| 257.50 0 273.10 0
257.80 0 273.40 0
E 258.10 0 273.70 0
258.40 0 274.00 0
: 258.70 0 274.30 0
259.00 0 274.60 0
(@) 259.30 0 274.90 0
259.60 0 275.20 0
o 259.90 0 275.50 0
260.20 0 275.80 0
a 260.50 0 276.10 0
260.80 0 276.40 0
L 261.10 0 276.70 0
261.40 0 277.00 0
> 261.70 0 277.30 0
262.00 0 277.60 0
| 262.30 0 277.90 0
: 262.60 0 278.20 0
262.90 0 278.50 0
u 263.20 0 278.80 0
263.50 0 279.10 0
u 263.80 0 279.40 0
264.10 0 279.70 0
q 264.40 0 280.00 0
264.70 0 280.30 0
¢ 265.00 0 280.60 0
265.30 0 280.90 0
n_ 265.60 0
265.90 0
Ll 266.20 0
266.50 0
m 266.80 0
267.10 0
:. 267.40 0
267.70 0
268.00 0
268.30 0
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Brunner Island Half PMP Holtwood PMP Half PMF Rainfall=19.22"

Prepared by HDR Portland Maine Printed 9/6/2012
HydroCAD® 9.00 s/n 00782 © 2009 HydroCAD Software Solutions LLC Page 41

Hydrograph for Link RIVER: River

Time Inflow Elevation Primary Time Inflow Elevation Primary
(hours) (cfs) (feet) (cfs) (hours) (cfs) (feet) (cfs)
0.00 0.01 278.20 0.01 26.00 13.73  278.20 13.73
0.50 0.00 278.20 0.00 26.50 12.03  278.20 12.03
1.00 0.00 278.20 0.00 27.00 1059  278.20 10.59
1.50 0.00 278.20 0.00 27.50 9.38  278.20 9.38
2.00 3549  278.20 35.49 28.00 835  278.20 8.35
2.50 60.28  278.20 60.28 28.50 746 27820 7.46
3.00 7245  278.20 72.45 29.00 6.69  278.20 6.69
3.50 80.78  278.20 80.78 29.50 6.02  278.20 6.02
4.00 86.18  278.20 86.18 30.00 544  278.20 5.44
4.50 89.65 278.20 89.65 30.50 493  278.20 4.93
5.00 93.27  278.20 93.27 31.00 448  278.20 4.48
._ 5.50 96.96  278.20 96.96 31.50 408  278.20 4.08
6.00 99.43  278.20 99.43 32.00 3.73  278.20 3.73
z 6.50 100.76  278.20 100.76 32.50 3.41 278.20 3.41
7.00 100.75  278.20 100.75 33.00 3.13  278.20 3.13
(1N 7.50 98.23  278.20 98.23 33.50 2.88  278.20 2.88
8.00 95.04  278.20 95.04 34.00 266 27820 2.66
E 8.50 91.91 278.20 91.91 34.50 246  278.20 2.46
9.00 88.24  278.20 88.24 35.00 228 27820 2.28
: 9.50 83.82  278.20 83.82 35.50 211  278.20 2.11
10.00 78.80  278.20 78.80 36.00 1.96  278.20 1.96
U 10.50 73.34  278.20 73.34
11.00 67.63  278.20 67.63
o 11.50 61.91 278.20 61.91
12.00 56.43  278.20 56.43
a 12.50 51.36  278.20 51.36
13.00 46.64  278.20 46.64
L 13.50 4239  278.20 42.39
14.00 38.68  278.20 38.68
> 14.50 3557  278.20 35.57
15.00 33.02 278.20 33.02
= 15.50 30.95  278.20 30.95
: 16.00 29.27  278.20 29.27
16.50 27.89  278.20 27.89
u 17.00 26.75  278.20 26.75
17.50 25.80  278.20 25.80
E 18.00 25.00 278.20 25.00
18.50 2432  278.20 24.32
q 19.00 23.74  278.20 23.74
19.50 2324  278.20 23.24
¢ 20.00 22.81 278.20 22.81
20.50 2244  278.20 22.44
n_ 21.00 2212  278.20 22.12
21.50 21.84  278.20 21.84
Ll 22.00 2160  278.20 21.60
22.50 2140  278.20 21.40
m 23.00 2122  278.20 21.22
23.50 21.06 278.20 21.06
:. 24.00 20.92  278.20 20.92
24.50 19.91 278.20 19.91
25.00 17.92  278.20 17.92
25.50 15.73  278.20 15.73




USBR Method
Page 8 of 16
9/6/2012

Analysis Procedure for determining the wind induced significant wave H, and wave
run-up using "Freeboard Criteria and Guidelines for Computing Freeboard
Allowances for Storage Dams", USBR, 1981.

This procedure assumes that site specific wind data are not available, therefore, use
the generalized fastest mile and 1-hour maximum winds from Figures 1 to 8 in above
Reference. Use 80% of maximum winds for moderate wind condition during
Maximum Flood condition.

Project Structures NA NA
Top Elevation w/o camber 290 NA NA
Slope of u/s face (V >0.2 or 11.3°) 0.4 Vertical Vertical
Uls Type of Surface Soil Cement W | (yonerete Concrete
General Direction Orientation
Normal Reservoir Elev. (ft) 286 Assume maximum wind
Maximum Flood Elev. (ft) 288.5 Assume Moderate wind

-06-1609.00-001

Effective Fetch Normal Flood ...
F, from Trial and Error (miles) | 0.13 0.13 f S

Wind correction Water/Land
based on Table 2 & F, 1.043 1.043

Where: Wind velocity Ratio Land/Water = 1.0301 + 0.098184F, + 0.0079048F 2 -0.0076136F 3 +
0.00085282F * with a maximum of 1.30

[ Meteorological Data ]
Value Normal Max Flood
from Pool over Poolover
Graph water water

Figure (mph) (mph) (mph)
Fastest Mile from Figures 1-4 (1
minute) 62 65 52
Spring v

Season of the year:
Fastest Mile from Figures 5-8 (1

hour) 40 42 33

Season of the year: Summer ¥

Fastest Mile (2 hour)
=0.96 x (1 hour) 38 40 32
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File:7651-06-1609.00-001
PPL Electric Utilities Brunner Wave.xls




USBR Method
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[ Wind Velocity and Duration Data Points from Figure 9 ]

Fetch N Fetch F

[ 0133 | 0.133 |
Normal | Max Flood
Pool over | Pool over
Duration water water
(min) (mph) (mph)
Wind (mph)@ 25' above the 1.0 80.0 80.0
water for duration (minutes) 4.0 48.0 48.0
5.0 28.0 28.0
Interpolate Wind velocity 6.0 18.0 18.0
values for Normal Pool and 7.0 13.0 13.0
Max. Flood Pool from Figure 8.0
h 9 using the appropriate 9.0
z Fetch. 10.0
15.0
m Find at least 5 points and 20.0
bracket wind velocities 25.0
Z found in table above using 30.0
Figures 1-8. 40.0
: 50.0
u, Values will be used to plot 60.0
Wind Velocity over Water vs 70.0
o Duration. 80.0
90.0
n See Plots of Normal & Flood 100.0
120.0
[y 140.0
160.0
> 180.0
= 200.0
: Normal Flood
u From Figure 9, determine the significant wave height H, = | 1.1 | 0.85 |
u From USBR page 15, for Normal Freeboard, Modify H, to
q account for average of highest 10% of waves = 1.27x H, =
(o B
(I
)]

File:7651-06-1609.00-001
PPL Electric Utilities Brunner Wave.xls




USBR Method
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9/6/2012
[ Calculate Wave Runup and Wave Setup
From USBR Fig. 10, Determine the Normal Flood
seconds
From USBR Eq. 2, the wave length L= 14.8 feet 12.3

L=5.12 * T2 assumes deep water conditions
where the reservoir depth is greater than 1/2

Earth Dam
Average Pool depth, D @
Central Radial (ft) 26
Is D > L/2 to ignore bottom
effects? YES
U/s surface slope 0.4
Angle (deg) of u/s face of dam
with the horizon © > 11.3° 21.80 OK
Cot ® = 2.50

(Eq. 3_Runup for Significant Wave Height "Rs " (ft) ]

Normal Flood
Riprap 1.4 1.0
Correction for Angle Offset if dAngle
direction of wave propagation is (degrees)
not normal to the embankment 1.4 1.0 (1<a<50) 1
From USBR pg. 13, Earth dam Smooth Face
w/ smooth face. (Factor Correction
<1.5) Factor 1.2

Not a Rockfill Dam
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USBR Method

Page 11 of 16

9/6/2012
| Eq.4 Wind Setup"S" (ft) For:
From Plotted graph of Wind Velocity Duration
Velocity over water vs Duration (mph) (minutes)
Normal Pool 64.1014438 2.49048964
Flood Pool 50.8958757 3.72851166
Normal Pool
Setup =[  0.03 _|feet
Flood Pool
Setup =[  0.02 _|feet
[ Minimum Freeboard Requirement (feet) ]
Earth Dam
Normal Pool 1.46
Req'd Design Dam Crest
Elevation 287.5
Required < Available ? OK
Flood Pool 0.98
Req'd Design Dam Crest
Elevation 289.5
Required < Available ? OK

PPL Electric Utilities

File:7651-06-1609.00-001
Brunner Wave.xls
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USBR Freeboard Criteria Wind Velocity vs Duration
Normal Pool Fetch

—&— Wind for Normal Pool Fetch

—#— Maximum winds for Normal Pool

Design

Wind Velocity over Water (mph)
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USBR Freeboard Criteria Wind Velocity vs Duration
Flood Pool Fetch
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—&— Wind for Flood Pool Fetch

i —#— Maximum winds for Flood Pool
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Brunner Island

Calculation of Effective Fetch Worksheets

Page 5 of 16
9/6/2012
Calculate the effective fetch, Fe, from existing topographic map of project.
Construct a central radial and 7 radial lines at 6 degree intervals on each side.
Draw the central radial from a point on the face of the dam to a point on the
opposite shoreline in the direction to yield the longest distance over open water.
Radial X
Number Angle O CosQ Cos?Q. |scale 2:ititance Cos? OL * X;
1 42 0.7431 0.5523 781 431.32
2 36 0.8090 0.6545 779 509.86
3 30 0.8660 0.7500 785 588.75
4 24 0.9135 0.8346 799 666.82
h 5 18 0.9511 0.9045 823 744.41
z 6 12 0.9781 0.9568 859 821.87
m 7 6 0.9945 0.9891 907 897.09
Z 8 0 1.0000 1.0000 971 971.00
9 6 0.9945 0.9891 920 909.95
: 10 12 0.9781 0.9568 975 932.85
U 11 18 0.9511 0.9045 841 760.69
o 12 24 0.9135 0.8346 816 681.01
n 13 30 0.8660 0.7500 478 358.50
14 36 0.8090 0.6545 191 125.01
98] 15 42 0.7431 | 0.5523 116]  64.06
a z[ 135100 ] s[ 1041 | os6319 |
.- Effective Fetch (F)) = 70041  ft.
E Trial 1 or 0.13 miles
q Check (F,) = 0.14 miles
<
Q.
L
7))
=

File: 7651-06-1609.00-001
Brunner Wave.xls

PPL Electric Utilities
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Brunner Island

Calculation of Effective Fetch Worksheets

Page 6 of 16
9/6/2012

Calculate the effective fetch, Fe, from existing topographic map of project.
Construct a central radial and 7 radial lines at 6 degree intervals on each side.
Draw the central radial from a point on the face of the dam to a point on the

opposite shoreline in the direction to yield the longest distance over open water.

Radial ) | ;9 -
Number Angle O Cos O Cos“ QL SCae(fgtance Cos“ 0L * X;

1 42 0.7431 0.5523 781 431.32

2 36 0.8090 0.6545 779 509.86
3 30 0.8660 0.7500 785 588.75
4 24 0.9135 0.8346 799 666.82
5 18 0.9511 0.9045 823 744.41
6 12 0.9781 0.9568 859 821.87
7 6 0.9945 0.9891 907 897.09
8 0 1.0000 1.0000 971 971.00
9 6 0.9945 0.9891 920 909.95
10 12 0.9781 0.9568 975 932.85
11 18 0.9511 0.9045 841 760.69
12 24 0.9135 0.8346 816 681.01
13 30 0.8660 0.7500 478 358.50
14 36 0.8090 0.6545 191 125.01
15 42 0.7431 0.5523 116 64.06
z[ 135100 ] [ 104 [ 946319

70041 ft.
Trial 2 or 0.13 miles
0.14 miles

PPL Electric Utilities

File: 7651-06-1609.00-001
Brunner Wave.xls
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October 30, 2012 390/181182
MEMORANDUM

TO: Benjamin Wilburn, E.I.T./PPL

FROM: Adam Jones, P.E.

SUBJECT: Brunner Island Ash Basin No. 6
Piping Assessment

This memo summarizes HDR’s assessment of seepage and seepage gradients within the
embankment at Brunner Island Ash Basin No. 6. This work is being performed in response to
comments from the United States Environmental Protection Agency (USEPA) and their
contractor, GZA GeoEnvironmental, Inc. (GZA) presented in emails dated October 18 and
October 19, 2012.

From the USEPA Email dated October 18, 2012

One final look at the PPL Brunner Island Final Report left us with an open issue that should
have been discussed previously, however, yet still needs to be addressed before the final report is
approved. The issue surrounds the parts in the report (page ii of the Executive Summary and
page 13, section 2.6) that address the following:

From page ii of the Executive Summary
"Studies and Analyses:
1. The Seepage analyses data presented in the hard copy of the February 17, 2012
Geotechnical Engineering Report prepared by Schnabel Engineering recently provided for
GZA review did not include calculated factors of safety. It is recommended that the
Schnabel report be amended to include results of the seepage analyses and that factors of
safety therefrom be compared with accepted minimums. If said factors of safety are found
to be below accepted minimums, remediation of the embankments would be warranted."

And
"Remedial Measures:

2. If the results of additional stability analyses (recommended above) continue to indicate
inadequate factors of safety or in the absence of additional stability analyses, take the
necessary actions required to remediate the embankment such that adequate factors of
safety are met."

From page 13, section 2.6
"Seepage is controlled by a 10 foot thick clay liner at the inside face of the embankment from
elevation 287.5 feet to bedrock. The Seepage analyses data presented in the hard copy of the

Contains Critical Energy Infrastructure Information - Do Not Release
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Benjamin Wilburn, E. I. T.
October 30, 2012
Page 2

Schnabel report provided for GZA review did not include calculated factors of safety. It is
recommended that the Schnabel report be amended to include results of the seepage analyses
and that factors of safety therefrom be compared with accepted minimums. GZA did not
perform an independent assessment of the seepage stability of the basins as this was beyond
our scope of services."

GZA needs to make the call as to whether the documentation that PPL's contractor submitted
Is acceptable or not.

From the GZA email dated October 19, 2012

GZA takes the critical gradient as 1.0, as is typically done for sands; thus, the safety factor
against potential piping failure is computed as:

I:-S-piping = ler / lexit

The US Army Corps of Engineers document Seepage Analysis and Control for Dams — EM
1110-2-1901 dated 30 September 1986 refers to typically accepted recommended factor of
safety against seepage failure are 4 to 5 (Harr, 1962, 1977) or 2.5 to 3.0 (Cedergren,
1977).

However another reference has the factor of safety from 4 to 6 (Holtz and Kovacs, 1981).

Again, | believe your geotechnical consultant probable already has the seepage
computations for the most severe condition, which is likely when the basin pool is full and
the tailwater from the river is low.

Previous Analyses

HDR performed slope stability analyses of the Brunner Island Ash Basin 6 embankment,
summarized in the Slope Stability Assessment Report, dated December, 2009 (HDR, 2009).
These analyses, which included a limited geotechnical exploration, evaluated the stability of the
downstream face of the embankment for the normal operating, surcharge pool, seismic, and rapid
drawdown conditions. The rapid drawdown analyses assumed that the downstream slope was
fully saturated as a result of flooding on the Susquehanna River, and that no drainage of the slope
occurred during recession of the river following a flood event. Piezometer measurements were
used to establish the phreatic surfaces assumed in the stability analysis, and no seepage analyses
were conducted.

A transient seepage analysis followed by a rapid drawdown analysis was performed by Schnabel
Engineering Consultants, Inc., (Schnabel) and is summarized in their Geotechnical Engineering
Report, Brunner Island SES Transient Seepage and Slope Stability Study (Schnabel, 2012). This
study determined that factors of safety for the rapid drawdown condition were adequate, even for

Contains Critical Energy Infrastructure Information - Do Not Release
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extreme floods. While this study included steady state and transient seepage analyses, Schnabel
noted that the analyses did not include an assessment of seepage gradients.

Note that both of the above engineering assessments were intended to address specific concerns;
the stability of the downstream slope of the eastern section of the embankment, and the stability
of the embankment under rapid drawdown conditions in particular.

Seepage Conditions

HDR shares the concerns of EPA and their contractor, GZA, with regard to the seepage and
piping. Piping, or internal erosion as described below, is a primary cause of embankment
failures, and seepage through any embankment that is not constructed with modern filters is a
condition that must be considered carefully. That said, there are a number of embankment dams
that experience seepage which have been successfully maintained by careful monitoring,
investigation, and remedial action where warranted.

As noted in HDR, 2009, seepage conditions at Brunner Island are not straightforward. Two
embankment sections were considered for analysis with respect to slope stability, as shown on
Figure 1. The section at Station 7+44 was selected based on the seepage that was evident at the
time, which, while nearly imperceptible with respect to flow, was daylighting on the slope, most
recently about 8 feet above the toe during HDR’s June, 2012 inspection. While seepage flows
did not appear significant enough to move particles, and there was no evidence of boils, turbidity,
or material transport, the location of the seepage raised the concern that the phreatic surface
could be elevated, which would adversely affect slope stability. The section at Station 7+44 is at
a section of the embankment which has open water at the upstream face, therefore, piping in this
area, if it were to occur, would have the potential to connect to the reservoir, which would likely
lead to a significant breach. The second section that was selected was at Station 21+80, adjacent
to an area where surface sloughing had occurred following drawdown of the Susquehanna River
after a flood, which had raised the stability concerns initially. This section also offered the ability
to calibrate slope stability models to a known factor of safety of approximately 1.0 for a shallow
sloughing surface under drawdown conditions. Seepage flow was not visible, although the toe
was wet. While the basin was filled with ash in this area, there was a channel carrying plant
process water adjacent to the upstream face that would have the potential to cause a progressive
failure if a piping path connected to it. A third seepage area was observed at the northwest
corner of the ash basin. Here seepage flow was visible at and slightly above the toe. The seepage
was clear, there was no evidence of boils or material transport, and there were no quick
conditions observed. This section of the ash basin also has been filled, and the nearest free water
source is several hundred feet away, thus it appears that there is limited potential for retrogressive
piping to result in an uncontrolled breach.

Variations in the phreatic surface were observed between the two cross sections in which
piezometers were installed, as seen on Figures 2 and 3. It was apparent that the observed seepage
at Station 7+44 was the result of an isolated permeable zone that was not reflected by the
piezometers, or by capillarity or some other cause. The embankments were constructed with an

Contains Critical Energy Infrastructure Information - Do Not Release
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upstream clay liner, and the effect of the liner on embankment seepage and phreatic levels is not
clear, since the relative permeability between the liner and the embankment fill varies at different
sections and depths. The attached Seep models demonstrate anticipated flow lines and seepage
gradients where the liner is significantly more impermeable than the embankment fill, and where
their permeabilities are more similar.

Seepage and Piping Assessment

There are 5 separate failure modes of embankments that are attributed to seepage and piping
(United States Bureau of Reclamation, Internal Erosion and Piping Risks for Embankments,
2010.)

1. “Heave” can occur where an impervious layer overlies more pervious material near the
downstream toe of a dam.

2. Classical “piping” occurs when soil erosion begins at a seepage exit point, and erodes
backwards, supporting a “pipe” or “roof” along the way.

3. “Progressive erosion” can occur when the soil is not capable of sustaining a roof or a
pipe. Soil particles are eroded and a temporary void grows until a roof can no longer be
supported, at which time the void collapses. This mechanism is repeated progressively
until the core is breached or the downstream slope is over-steepened to the point of
instability.

4. “Scour” occurs when tractive seepage forces along a surface (i.e. a crack within the soil,
adjacent to a wall or conduit, or along the dam foundation contact) are sufficient to move
soil particles into an unprotected area. Once this begins, a process similar to piping or
seepage erosion could result.

5. “Internal instability” occurs when the finer particles of a soil are eroded through the
coarser fraction of that soil, leaving behind a coarsened and more permeable soil skeleton.
The loss of material can lead to voids and sink holes.

The assessment of each of these piping modes as they relate to the embankment at Brunner Island
is discussed below:

Heave

Of the potential failure modes discussed above, heave is the only mode that readily lends itself to
analysis through the use of seepage gradients. The vertical seepage gradients at both sections are
relatively low, between 0 and 0.2, which corresponds to a factor of safety of between 5 and 10,
assuming a cohesionless soil. This is well within the recommended values of 2 to 2.5
recommended by Cedergren (Seepage, Drainage and Flow Nets, 1989,) and within the range of 4
to 6 recommended by Harr, the Corps of Engineers (EM1110-2-1901 Seepage Analysis and
Control for Dams, 1993,) and Holtz and Kovacs (Geotechnical Engineering, 1981.) Failure by
heave is not an anticipated failure mode for a moderately impermeable embankment on a
moderately impermeable foundation.

Contains Critical Energy Infrastructure Information - Do Not Release
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Classical Piping, Progressive Erosion and Scour

Classical piping is a potentially viable failure mode at Brunner Island, since seepage is exiting
the downstream face that is not filtered. Localized gradients at the toe were calculated at
approximately 0.4, which are significant. Unlike heave, however, there is no analytic method, or
basis for calculation of a factor of safety with respect to classical piping. As noted by Terzaghi
and Peck, (Soil Mechanics in Engineering Practice, 1967) “The factor of safety with respect to
piping by subsurface erosion cannot be evaluated by any practicable means”. The same argument
applies to progressive erosion. FEMA, in Filters for Embankment Dams Best Practices for
Design and Construction, 2011 notes that material type has as much impact on particle erosion as
gradient, and further notes that plastic clay is highly erosion resistant. With respect to scour,
observed velocities for the seepage at the east embankment are very low, and it is not anticipated
that particle movement is a significant likelihood.

Internal Instability

Internal instability could be a viable potential failure mode, at the interface between the clay liner
and the random embankment fill. The gradients in this area could be in the order of 5 feet per
foot, which is not unusual at the interface between an impermeable core and downstream soil.
As noted by Cedergren, with properly designed filters, there is “no harm in designing a dam with
high internal gradients, but a design with high seepage gradients should offer substantial benefits
to warrant consideration.” Although the embankment has been in successful operation for over
30 years with no evidence of piping, a significant engineering limitation with respect to the
evaluation of internal instability is the lack of the relative gradation information and dispersivity
testing that is needed to evaluate filter compatibility. This is a problem that is common to a large
number of dams that were constructed prior to the understanding of modern seepage criteria.

Conclusions and Recommendations

Seepage is a significant dam safety concern, and our recommendations with respect to seepage at
Brunner have been, and continue to be, assessment based on visual observations, prudent
monitoring, and a conservative long-term plan.

While the seepage at Brunner Island does not appear to be of immediate concern, the safest and
most practical alternative to address the seepage concerns is to close the basin as soon as
practicable, as proposed by PPL. Seepage should diminish considerably when the basin is closed
and the reservoir lowered, as this has occurred at other basins following closure. If seepage is
still observed as a result of rainwater infiltration or other causes, it is unlikely that it would result
in a piping failure, but should be addressed in the closure plan. Until that time, it is prudent to
monitor the embankment seepage and to be prepared to mitigate seepage should piping be
observed, steps that are consistent with normal dam safety practice. In particular, surface sloughs
should be repaired immediately should they occur, preferably with a filter compatible material.
Extension of the effluent discharge lines across the filled part of the basin, so that they discharge
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directly into the open pond, would offer a short term but significant means of reducing risk
associated with the northern half of the ash basin.

Seepage that results in boils, quick conditions, soil transport, or turbidity which would indicate
piping is not acceptable. Also, any changes in seepage, including sudden or progressive
increases in flow, pressure or location would be a concern, particularly if there is turbidity or
other evidence of material transport. These conditions, were they to be observed, would warrant
immediate action, which could include construction of filters, drains, seepage barriers, lowering
the reservoir, or a combination of those measures. None of these conditions has been observed
however, and these precautions should be considered applicable to all dams that do not have
seepage filters, not just Brunner Island.

Attachments
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PERMIT NO. D 67-496

COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL RESOURCES

PERMIT

. The Department of Environmental Resources "Department”, established by the Act of December 3,
1970 (71 P.S. §510-1 et seq.) and empowered to exercise certain powers and perform certain duties
under and by virtue of the Act of November 26, 1978, P.L. 1375, No. 325, as amended by the Act
of October 23, 1979, No. 70, known as the "Dam Safety and Encroachments Act"; and the Administrative
Code, Act of April 9, 1929, P.L. 177, as amended, which empowers the Department to exercise certain
powers and perform certain duties by law vested in and imposed upon the Water Supply Commission
of Pennsylvania and the Water and Power Resources Board, hereby issues this permit to:
PENNSYLVANIA POWER & LIGHT COMPANY
Two North Ninth Street, Allentown, PA 18101
giving its consent fo

operate and maintain an existing dam (Ash Basin No. 6) located on Brunmer Island

betw-een the Susquehanna River and Black Gut Creek in York Haven, York County.

This permit is issued in response fo an application filed with the Department of Environmental
Resources on the 7tk day of . April AD. 19 8l , and with the understanding
that the work shall be performed in accordance with the maps, plans, profiles and specifications filed

. with and made part of the application

Subject, however, to the provisions of the Dam Safety and Encroachments Act, the Administrative Code, .

and the following conditions, regulations, and restrictions (YOUR ATTENTION IS DRAWN TO
CONDITION NUMBER 12). , )

1. This permit does not give any property rights, either in real estate or material, nor any exclusive
privileges, nor shall it be construed to grant or confer any right, title, easement, or interest in, fo, or
over any land belonging to the Commonwealth of Pennsylvania; any infringement of Federal, State, or
local laws or regulations; nor does it obviate the necessity of obtaining Federal assent when necessary;

2. " The work shall at all times be subject to supervision and inspection by representatives of the
Department, and no changes in the maps, plans, profiles and specifications as approved shall be made
except with the written consent of the Department. The Department, however, reserves the right to
require such changes or modifications in the maps, plans, profiles, and specifications as may be considered
necessary. The Department further reserves the right to suspend or revoke this permit if in its opinion
the best interest of the Commonwealth will be subserved thereby;

3. The work shall be under the direction of a competent engineer, and he or a competent

representative shall be on the ground constantly during construction and until the complet1on of the
dam

4, The Department shall be notified in advance of the proposed time of commencement of this
work, and a detailed report upon the status of the construction shall be mailed to the "Division of
Dam Safety, P. O. Box 2357, Harrisburg, Pennsylvania 17120" on the first of each month until work
upon the dam has been completed. Within thirty (30) days after the completion of the work authorized

o



s
.

in this permit, the permittee shall file with the Division of Dam Safety, a statement certifying that
the work has been performed in accordance with this permit and the approved maps, plans, profiles
and specifications. Further, the permittee shall submit to the Division of Dam Safety, within ninety
(90) days of the date of final completion of the dam authorized by this permit, a set of "as built"
plans for the project;

5. 1If this work is not completed on or before the N/A : day of
AD, 19 . this permit, if not previously revoked or specifically
extended, shall cease and be null and void; and if, upon the expiration or revocation of this permit,
the work shall not be completed, the permittee shall, at his own expense and to such extent and in
such time and manner as the said Department may require, remove all or any portion of the incompleted
work and restore the watercourse to its former condition. No claim shall be made against the
Commonwealth of Pennsylvania on account of any such removal or alteration;

6. ' No material shall be placed on any portion of the foundation until such portion of the
foundation has been approved, in writing, by a representative of the Department; no earth or other
embankment material which is in a frozen condition shall be covered or placed in embankments; concrete
shall not be placed in freezing weather except under conditions approved by the Department;

7.  The Department shall be notified at least one week in advance of the time when it is proposed
- to begin to store water in the reservoir or pond created by the dam for which this permit is issued.
The Department will require the permittee to allow a portion of the natural stream flow to pass the
dam while the reservoir or pond is being filled, and this notice is required in order that arrangements
may be made to have a representative on the ground before or during the filling if the Department
considers it desirable. Sufficient water to support fish life shall be allowed to flow into the stream below
the dam, during the period of its construction or repair and while the reservoir is being filled. The
permittee agrees to abide by such rules and regulations as to the, storage and discharge of water, and
-as to the level of the reservoir created by said dam, as may be prescribed from time to time by the
said Department; ’

8. All trees of no value and brush cleared from the area under this permit shail be burned at
such time and under such ¢onditions as to prevent the fire from spreading to adjoining timber land; .
provided, however, that before such bumning is begun, the Regional Air Pollution Control Engineer:of
the Department of Environmental Resources in charge of the Region in which the area is located shall
be notified; '

' 9. The permittee agrees in accepting this permit, to install, upon the request of the Pennsylvania
Fish Commission, such fishway or fishways as the said Department may require. (See Section 185, of
the Act of May 2, 1925, P.L. 448, as amended by Act of April 22, 1929, P.L. 621) Attention is also
called to Section 191 of the Act of May 2, 1925, P.L. 448, as amended by Act No. 113, approved
May 25, 1935, which provides that no person owning, leasing or maintaining a dam, holding back waters
inhabited by fish, shall draw off such waters without first receiving written permission from the
Pennsylvania Fish Commission; ' -

. 10. Performance of the work authorized shall constitute an acceptance of the various conditions
contained in the permit; provided; that if the permittee fails to file acceptance of the permit in accordance
with Condition 12, the permit becomes null and void and the permittee shall remove all works constructed
and restore the area in a manner specified by the Department;

11. The Engineer and the Contractor shall be apprised of all of the provisions and conditions and
shall signify their acknowledgement of being so apprised on the form herein attached. Copy of this
signed form, together with copy of the permit shall be available for inspection at the project site at
all times, Copy of the acknowledgement shall also be forwarded to the office issuing the permit. Failure
to have copies of the permit and acknowledgement available for inspection at the project site shall be
- considered sufficient cause for issuance of a cease and desist order by the authorized Commonwealth
personnel;



12, This permit shall not become effective until and unless the permittee shall file with the
Department within thirty (30} days from the date thereof, upon a form furnished by the Department,
its written acceptance of the terms and conditions imposed therein. Failure to submit such acceptance
will render the permit null and void;

13. The permittee is advised that this project may be subject to the regulation of Section 404
of the Federal Clean Water Act of 1977, The permittee is directed to immediately contact the following
District Office of the U.S. Army Corps of Engineers for further information:

Chief, Regulatory Functions Branch
U.S. Army Corps of Engineers District
Baltimore Distriet

P. 0. Box 1715

Baltimore, MD 21203

14. SEE SPECIAL CONDITIONS ON ATTACHED SHEET.

A 1982

. Date R
DEPARTMENT OF ENVIRONMENTAL RESOURCES
SN/
s¢p arg, Chief
ision © Safety
" ATTEST: PENNSYLVANIA POWER & LIGHT COMPANY

mJ,, h@,L_J,vL

<

Permittee (signature)

E. H. Seidler '
V.P. Engineering & Construction SP&E
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'+ SPECTAL CONDITION

L

The permittee is required to submit annual i‘eports regarding the condition of
the dam, certificd by a registered professional engineer, to the Division of
Dam Safety on or before October 1 of each year.
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USBR Method
Page 8 of 16
9/6/2012

Analysis Procedure for determining the wind induced significant wave H, and wave
run-up using "Freeboard Criteria and Guidelines for Computing Freeboard
Allowances for Storage Dams", USBR, 1981.

This procedure assumes that site specific wind data are not available, therefore, use
the generalized fastest mile and 1-hour maximum winds from Figures 1 to 8 in above
Reference. Use 80% of maximum winds for moderate wind condition during
Maximum Flood condition.

Project Structures NA NA
Top Elevation w/o camber 290 NA NA
Slope of u/s face (V >0.2 or 11.3°) 0.4 Vertical Vertical
Uls Type of Surface Soil Cement W | (yonerete Concrete
General Direction Orientation
Normal Reservoir Elev. (ft) 286 Assume maximum wind
Maximum Flood Elev. (ft) 288.5 Assume Moderate wind

-06-1609.00-001

Effective Fetch Normal Flood ...
F, from Trial and Error (miles) | 0.13 0.13 f o S

Wind correction Water/Land
based on Table 2 & F, 1.043 1.043

Where: Wind velocity Ratio Land/Water = 1.0301 + 0.098184F, + 0.0079048F 2 -0.0076136F 3 +
0.00085282F * with a maximum of 1.30

[ Meteorological Data ]
Value Normal Max Flood
from Pool over Poolover
Graph water water

Figure (mph) (mph) (mph)
Fastest Mile from Figures 1-4 (1
minute) 62 65 52
Spring v

Season of the year:
Fastest Mile from Figures 5-8 (1

hour) 40 42 33

Season of the year: Summer ¥

Fastest Mile (2 hour)
=0.96 x (1 hour) 38 40 32
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File:7651-06-1609.00-001
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USBR Method
Page 9 of 16
9/6/2012

[ Wind Velocity and Duration Data Points from Figure 9 ]

Fetch N Fetch F

[ 0133 | 0.133 |
Normal | Max Flood
Pool over | Pool over
Duration water water
(min) (mph) (mph)
Wind (mph)@ 25' above the 1.0 80.0 80.0
water for duration (minutes) 4.0 48.0 48.0
5.0 28.0 28.0
Interpolate Wind velocity 6.0 18.0 18.0
values for Normal Pool and 7.0 13.0 13.0
Max. Flood Pool from Figure 8.0
h 9 using the appropriate 9.0
z Fetch. 10.0
15.0
m Find at least 5 points and 20.0
bracket wind velocities 25.0
E found in table above using 30.0
Figures 1-8. 40.0
: 50.0
u, Values will be used to plot 60.0
Wind Velocity over Water vs 70.0
o Duration. 80.0
90.0
n See Plots of Normal & Flood 100.0
120.0
[y 140.0
160.0
> 180.0
= 200.0
: Normal Flood
u From Figure 9, determine the significant wave height H, = [ 1.1 [ 0.85 |
u From USBR page 15, for Normal Freeboard, Modify H, to
q account for average of highest 10% of waves = 1.27x H =
.
(1
)]

File:7651-06-1609.00-001
PPL Electric Utilities Brunner Wave.xls




USBR Method
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[ Calculate Wave Runup and Wave Setup

From USBR Fig. 10, Determine the Normal Flood

seconds
From USBR Eq. 2, the wave length L = feet I’

L=5.12 * T2 assumes deep water conditions
where the reservoir depth is greater than 1/2

Earth Dam
Average Pool depth, D @
Central Radial (ft) 26
Is D > L/2 to ignore bottom
effects? YES
U/s surface slope 0.4
Angle (deg) of u/s face of dam
with the horizon © > 11.3° 21.80 OK
Cot ® = 2.50

(Eq. 3_Runup for Significant Wave Height "Rs" (ft) ]

Normal Flood
Riprap 1.4 1.0
Correction for Angle Offset if dAngle
direction of wave propagation is (degrees)
not normal to the embankment 1.4 1.0 (1<a<50) 1
From USBR pg. 13, Earth dam Smooth Face
w/ smooth face. (Factor Correction
<1.5) Factor 1.2

Not a Rockfill Dam
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USBR Method
Page 11 of 16

9/6/2012
| Eq.4 Wind Setup"S" (ft) For:
From Plotted graph of Wind Velocity Duration
Velocity over water vs Duration (mph) (minutes)
Normal Pool 64.1014438 2.49048964
Flood Pool 50.8958757 3.72851166
Normal Pool

Setup =[ 003 et

Flood Pool
Setup = feet

[ Minimum Freeboard Requirement (feet) ]
Earth Dam
Normal Pool 1.46
Req'd Design Dam Crest
Elevation 287.5
Required < Available ? OK
Flood Pool 0.98
Req'd Design Dam Crest
Elevation 289.5
Required < Available ? OK
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USBR Freeboard Criteria Wind Velocity vs Duration
Normal Pool Fetch

—— Wind for Normal Pool Fetch

—#— Maximum winds for Normal Pool

Design

Wind Velocity over Water (mph)
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USBR Freeboard Criteria Wind Velocity vs Duration
Flood Pool Fetch

—— Wind for Flood Pool Fetch

—#— Maximum winds for Flood Pool

Design

Wind Velocity over Water (mph)
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Brunner Island

Calculation of Effective Fetch Worksheets

Page 5 of 16
9/6/2012
Calculate the effective fetch, Fe, from existing topographic map of project.
Construct a central radial and 7 radial lines at 6 degree intervals on each side.
Draw the central radial from a point on the face of the dam to a point on the
opposite shoreline in the direction to yield the longest distance over open water.
Radial X,
Number Angle O, Cos O Cos® O scale ;ifititance Cos? QL * X,
1 42 0.7431 0.5523 781 431.32
2 36 0.8090 0.6545 779 509.86
3 30 0.8660 0.7500 785 588.75
4 24 09135 0.8346 799 666.82
h 5 18 0.9511 0.9045 823 744 .41
z 6 12 0.9781 0.9568 859 821.87
m 7 6 0.9945 0.9891 907 897.09
z 8 0 1.0000 1.0000 971 971.00
9 6 0.9945 0.9891 920 909.95
: 10 12 0.9781 0.9568 975 932.85
U 11 18 0.9511 0.9045 841 760.69
o 12 24 09135 0.8346 816 681.01
n 13 30 0.8660 0.7500 478 358.50
14 36 0.8090 0.6545 191 125.01
m 15 42 0.7431 0.5523 116 64.06
a [ 135109 ] [ toa [ oae319 |
.- Effective Fetch (F,)= 70041 fi.
E Trial 1 or 0.13 miles
q Check (F,) = 0.14 miles
<
(a8
wl
7))
=

File: 7651-06-1609.00-001
Brunner Wave.xls
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Brunner Island

Calculation of Effective Fetch Worksheets

Page 6 of 16
9/6/2012

Calculate the effective fetch, Fe, from existing topographic map of project.
Construct a central radial and 7 radial lines at 6 degree intervals on each side.
Draw the central radial from a point on the face of the dam to a point on the
opposite shoreline in the direction to yield the longest distance over open water.

Radial , | ? -
Number Angle O Cos O, Cos“ O,  |scale (flt;tance Cos“ 0L * X

1 42 0.7431 0.5523 781 431.32
2 36 0.8090 0.6545 779 509.86
3 30 0.8660 0.7500 785 588.75
4 24 0.9135 0.8346 799 666.82
5 18 0.9511 0.9045 823 744.41
6 12 0.9781 0.9568 859 821.87
7 6 0.9945 0.9891 907 897.09
8 0 1.0000 1.0000 971 971.00
9 6 0.9945 0.9891 920 909.95
10 12 0.9781 0.9568 975 932.85
11 18 0.9511 0.9045 841 760.69
12 24 0.9135 0.8346 816 681.01
13 30 0.8660 0.7500 478 358.50
14 36 0.8090 0.6545 191 125.01
15 42 0.7431 0.5523 116 64.06

[ 13si9 | [ 104 [ 046319

700.41  ft.
Trial 2 or 0.13 miles
0.14 miles

PPL Electric Utilities

File: 7651-06-1609.00-001

Brunner Wave.xls
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